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FOREWORD

Hatha yoga. Its teachers and serious students are convinced of its power to
build strength and confidence, to improve flexibility and balance, and to foster
gpiritual peace and contentment. And beyond its attributes as preventive med-
icine, many of us also believe in the power of yoga to heal, to aid in recovering
from everything from low back strain to carpal tunnel syndrome and to help
cope with chronic problems like arthritis, multiple sclerosis and infection with
the human immunodeficiency virus (HIV).

But despite the recent boom in yoga’s popularity, most scientists and physi-
cians have been slow to embrace this discipline. To many of them perhaps, it
seems like a mystical pursuit, a quasi-religion with little basis in the modern
world of science. In a medical profession now itself dominated by a near religious
reverence for the randomized, controlled study, knowledge acquired through
thousands of years of direct observation, introspection, and trial and error may
seem quaint.

But as the West has slowly opened in the past decades to Eastern, experientially
based fields like acupuncture—as part of a greater acceptance of alternative
medicine in general—yoga has begun to stake its claim. Concepts like prana or
chi, however, are not warmly received by skeptical scientists. To win them over
you need to provide the kind of evidence they buy. Studies. Preferably
published in peer-review journals. And you need to propose mechanisms of
action that conform with science as they understand it.

A significant breakthrough was provided by Dr. Dean Ornish, a California-
pased cardiologist who interrupted his college years to study with Sri Swami
Satchidananda. His work, published in 1990 in the prestigious British medical
journal the Lancet, showed that a program that combines hatha yoga with
dietary changes, exercise, and group therapy can actually reverse blockages in
the heart’s main arteries—which doctors used to think wasn’t possible.

In 1998, research led by Marian Garfinkel of the Medical College of
Pennsylvania and published in the Journal of the American Medical
Association found that Iyengar yoga could effectively reduce the symptoms of
carpal tunnel syndrome, a malady of near epidemic proportions in this computer
age. Of note, Garfinkel’s study lasted only eight weeks, and yet the intervention
proved efficacious. Serious yoga practitioners realize of course that although some
benefit may be noticed after even a single class, yoga’s most profound effects
accrue over years—even decades—not weeks. Yoga is indeed powerful medicine
but it is slow medicine.

More studies will be needed to convince the medical establishment, but that
research could also be slow in coming. Funding is a perennial problem. Unlike
the situation with, say, pharmaceuticals, there is no private industry to
bankroll the scientific investigation of hatha yoga. Given the incredible cost of
long-range studies—which are more likely to demonstrate effectiveness—
I suspect that we're unlikely to see any time soon the kind of overwhelming
proof that skeptical scientists want. This presents a philosophical question:
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When you have an intervention which appears safe and effective—and when its
side effects are almost entirely positive—should one wait for proof before
trying it? This value judgment lies at the heart of the recent debate over many
traditional healing methods.

Ironically, though, even within the world of alternative medicine yoga seems
under-appreciated. Two years ago, I attended a four-day conference on alter-
native medicine sponsored by Harvard Medical School. A wide range of topics
from herbs to prayer to homeopathy were covered in detail. Yet in the dozens
of presentations I attended, yoga was mentioned just once: In a slide that
accompanied the lecture on cardiovascular disease, yoga was one of several
modalities listed under “Other Stress Reduction Techniques.” Yoga is certainly a
stress reduction device but to reduce it to just that misses so much.

Given the situation, how welcome then is David Coulter’s Anatomy of Hatha
Yoga. David combines the perspectives of a dedicated yogi with that of a former
anatomy professor and research associate at two major American medical
schools. He has set himself the ambitious goal of combining the modern
scientific understanding of anatomy and physiology with the ancient. practice of
hatha yoga.

The result of an obvious labor of love, the book explains hatha yoga in
demystified, scientific terms while at the same time honoring its traditions. It
should go a long way to helping yoga achieve the scientific recognition it
deserves. Useful as both a textbook and as a reference, Anatomy of Hatha Yoga
is a book that all serious yoga teachers and practitioners will want on their
shelves, It will also be welcomed by sympathetic physicians—and there are more
of us all the time—as well as physical therapists and other health
professionals. Speaking as a doctor who had already studied anatomy in detail
(though forgotten more than I'd care to admit) and as a dedicated student of
yoga, I can happily report that this book heightened my understanding of both
hatha yoga and anatomy and—as a nice bonus—improved my personal practice.

I realize, however, that to those who lack scientific training Anatomy of
Hatha Yoga may seem daunting. Some sections use terminology and concepts
that may be challenging on first reading, If you feel intimidated, my suggestion
is to adopt the mentality many employ when reading the ancient and some-
Aﬂﬁs difficult texts of the yoga tradition. Read with an open heart and if you get

rated, try another part or come back to it another day. As with yoga itself;
nt students will be rewarded with an ever-greater understanding.

Timothy McCall, MD
Boston, Massachusetts
January, 2001

. Timothy McCall is a board-certified specialist in internal medicine and the
Qihor of Examining Your Doctor: A Patient’s Guide to Avoiding Harmful
iRwycal Care. His work has appeared in more than a dozen major publications
imvinding the New England Journal of Medicine, the Nation and the Los
Apgles Times. He can be found on the web at www.drmecall.com
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PREFACE

rILe origins of this book date from twenty-five years ago when I was teaching
various neuroscience, microscopic anatomy, and elementary anaton}y courses
in the Department of Cell Biology and Neuroanatomy at t_he University of
Minnesota. At the same time I was learning about yoga in c}asses at the
Meditation Center in Minneapolis. During those years, Swami Rama, wh‘o
founded the Himalayan Institute, often lectured in Minnesota, al‘ld one of his
messages was that yoga was neither exercise nor religion, but a science, and h.e
wanted modern biomedical science to examine it in that light. One (?f h¥s
purposes in coming to the West was to bring this about, a purpose which is
reflected by the name he selected for the institute thz%t he foundecl'-——The
Himalayan International Institute of Yoga Science and Philosophy. The lc‘les'l of
connecting yoga with modern science resonated with me, and the gonwctwn
grew that I could be a part of such a quest. Soon after I communicated my
interest, Swamiji called and suggested that I pay him a visi!; to t‘alk about
writing a book on anatomy and hatha yoga. And that is how this project began
i lz;Srt from several false starts and near-fatal errors, I did little writing 01':
this subject between 1976 and 1988, but still T benefited from' stu«?lents
questions in courses on anatomy and hatha yoga at the University of
Minnesota (Extension Division), more comprehensive courses on yoga anatomy
for graduate students at the Himalayan Institute in the late 1980s, am%tomy
and physiology courses in the mid-1990s for the Pacific Institute for Oriental
Medicine (NYC), and from 1990 to the present, teaching anatomy for studenFs
of Ohashiatsu®, a method of Oriental bodywork. These courses brought me in
touch with many telling questions from students interested in various aspects
of holistic medicine; without them, the seed planted by Swamiji would never
have matured.

And so it went, from a working draft in the summer of 19706 to 1995, when
after many gentle and not-so-gentle nudges, Swamiji insisted that my time was
up, I was to finish the book, finish it now, and not run away. If I tried to escape,
he avowed, he would follow me to the ends of the earth; what he would do upon
finding me is better lefi unsaid. Happily, he saw an early but complete draft of
the text a year before his passing in November of 1996.

13
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INTRODUCTION

Acomprehensive statement on the anatomy and physiology of hatha yoga
ought to have been written years ago. But it hasn’t happened, and my aim
is to remedy the deficiency. After considering the subject for twenty-five
years, it’s clear that such a work might well interweave two themes: for the
benefit of completeness, a traditional treatment of how to do yoga postures
(yoga asanas) using anatomically precise terminology, and, for correlations
with medical science, an objective analysis of how those postures are
realized in some of the great systems of the body. In that regard, special
emphasis is placed here on the musculoskeletal, nervous, respiratory, and
cardiovascular systems—the musculoskeletal system because that is where
all our actions are expressed, the nervous system because that is the residence
of all the managerial functions of the musculoskeletal system, the respiratory
gystem because breathing is of such paramount importance in yoga, and
the cardiovascular system because inverted postures cannot be fully
comprehended without understanding the dynamics of the circulation.
Most of the emphasis is practical—doing experiments, learning to observe
the body, and further refining actions and observations.

The discussion is intended for an audience of yoga teachers, health
professionals, and anyone else who is interested in exploring some of the
structural and functional aspects of hatha yoga. The work can also serve as
a guide for students of alternative medicine who would like to communicate
with those who place their faith more strictly in contemporary science. To
help everyone in that regard I've included only material that is generally
accepted in modern biomedical sciences, avoiding comment on non-physical
concepts such as prana, the nadis, and the chakras, none of which are
presently testable in the scientific sense, and none of which have obvious
parallels in turn-of-the-millennium biology.

The book begins with an introductory discussion of some basic premises
that set a philosophical tone and suggest a consistent mental and physical
approach to postures. Ten chapters follow, the first three fundamental to
the last seven. Chapter 1 summarizes the basic principles of the anatomy
and physiology of hatha yoga. Breathing is next in chapter 2 since the manner
in which we breathe in hatha yoga is important for expediting movement
and posture. Breathing is followed by pelvic and abdominal exercises in
chapter 3 for three reasons: many of those exercises use specialized methods
of breathing, they are excellent warm-ups for other postures, and the pelvis
and abdomen form the foundation of the body. Standing postures will then
be covered in chapter 4 because these poses are so important for beginning
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students, and because they provide a preview of backbending, forward
bending, and twisting postures, which are covered in detail in chapters s,
6, and 7. The headstand and shoulderstand, including a brief introduction
to cardiovascular function, are included in chapters 8 and 9. Postures for
relaxation and meditation are treated last in chapter 10.

It will be helpful to experiment with each posture, preferably in the
order given. This approach will lead you logically through a wealth of
musculogkeletal anatomy, bring the academic discourse to life, and permit
you to understand the body’s architecture and work with it safely. If some
of the sections on anatomy and physiology seem formidable, there is an
easy solution. Turn the page. Or turn several pages. Go directly to the next
section on postures, in which most of the discussion can be understood in
context. Just keep in mind, however, that knowledge is power, and that to
communicate effectively with laypeople who have technical questions as
well as with health professionals to whom you may go for advice, it may be
desirable to refer back to the more challenging sections of this book as the
need arises. And those who do not find these sections particularly demanding
can look to Alter’s definitive Science of Flexibility, as well as to other sources
that are listed after the glossary, if they require more technical details than
are provided here.

16
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BASIC PREMISES

The last half of the twentieth century saw many schools of hatha yoga
take root in the West. Some are based on authentic oral traditions passed
down through many generations of teachers. Some are pitched to meet
modern needs and expectations but are still consistent with the ancient
art, science, and philosophy of yoga. Still others have developed New Age
tangents that traditionalists view with suspicion. Picture this title plac‘ed
near the exit of your local bookstore: Get Rich, Young, and Beautiful with
Hatha Yoga. I've not seen it, but it would hardly be surprising, and I have
to admit that I would look carefully before not buyingit . . ..

Given human differences, the many schools of hatha yoga approach even
the most basic postures with differing expectations, and yoga teachers find
themselves facing a spectrum of students that ranges from accomplished
dancers and gymnasts to nursing home residents who are afraid to lie down
on the floor for fear they won’t be able to get back up. That’s fine; it’s not
a problem to transcend such differences, because for everyone, no matter
what their age or level of expertise, the most important issue in hatha yoga
is not flexibility and the ability to do difficult postures, but awareness—
awareness of the body and the breath, and for those who read this book,
awareness of the anatomical and physiological principles that underlie
each posture. From this awareness comes control, and from control comes
grace and beauty. Even postures approximated by beginning students can
carry the germ of poise and elegance.

How to accomplish these goals is another matter, and we often see
disagreement over how the poses should be approached and taught.
Therefore, the guidelines that follow are not set in stone; their purpose is
to provide a common point of reference from which we can discuss the
anatomy and physiology of hatha yoga.

FOCUS YOUR ATTENTION

Lock your attention within the body. You can hold your concentration on
breathing, on tissues that are being stretched, on joints that are being
stressed, on the speed of your movements, or on the relationships between
breathing and stretching. You can also concentrate on your options as you
move in and out of postures. Practicing with total attention within the
body is advanced yoga, no matter how easy the posture; practicing with
your attention scattered is the practice of a beginner, no matter how difficult
the posture. Hatha yoga trains the mind as well as the body, so focus your
attention without lapse.



18 ANATOMY OF HATHA Y00

BE AWARE OF YOUR BREATH

We’ll see in chapters 27 that inhalations lift you more fully into many
postures and create a healthy internal tension and stability in the torso.
You can test this by lying prone on the floor and noticing that lifting up
higher in the cobra posture (fig. 2.10) is aided by inhalation. Paradoxically,
however, exhalations rather than inhalations carry you further into many
other postures. You can test this by settling into a sitting forward bend and
noticing that exhalation allows you to draw your chest down closer to your
thighs (fig. 6.13). But in either case you get two benefits: diaphragmatic
breathing assists the work of stretching the tissues, and your awareness of
those effects directs you to make subtle adjustments in the posture.

While doing postures, as a general rule keep the airway wide open,
breathe only through the nose, and breathe smoothly, evenly, and quietly.
Never hold the breath at the glottis or make noise as you breathe except as
required or suggested by specific practices.

BUILD FOUNDATIONS

As you do each asana, analyze its foundation in the body and pinpoint the
key muscles that assist in maintaining that foundation: the lower extrem-
ities and their extensor muscles in standing postures; the shoulders, neck,
spine (vertebral column), and muscles of the torso in the shoulderstand;
and the entirety of the musculoskeletal system, but especially the abdominal
and deep back muscles, in the peacock. Focus your attention accordingly on
the pertinent regional anatomy, both to prevent injury and to refine your
understanding of the posture.

Then there is another kind of foundation, more general than what we
appreciate from the point of view of regional anatomy—the foundation of
connective tissues throughout the body, especially those that bind the
musculoskeletal system together. The connective tissues are like steel rein-
forcing rods in concrete; they are hidden but intrinsic to the integrity of the
whole. To strengthen these tissues in preparation for more demanding
work with postures, concentrate at first on toughening up joint capsules,
tendons, ligaments, and the fascial sheathes that envelop muscles. The
practical method for accomplishing these aims is to build strength, and to
do this from the inside out, starting with the central muscles of the torso
and then moving from there to the extremities. Aches and pains frequently
develop if you attempt extreme stretches before you have first developed
the strength and skill to protect the all-important joints. Unless you are
already a weightlifter or body builder, stretching and becoming flexible
should be a secondary concern. Only as your practice matures should your
emphasis be changed to cultivate a greater range of motion around the
joints.
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MOVING INTO AND OUT OF POSTURES

Being in a state of silence when you have come into a posture is soothing
and even magical, but you cannot connect with that state except by know-
ing how you got there and knowing where you're going. If you jerk from
posture to posture you cannot enjoy the journey, and the journey is just as
jmportant as the destination. So move into and out of postures slowly and
consciously. As you move, survey the body from head to toe: hands, wrists,
forearms, elbows, arms, and shoulders; feet, ankles, legs, knees, thighs, and
hips; and pelvis, abdomen, chest, neck, and head. You will soon develop
awareness of how the body functions as a unit and notice quirks and
discontinuities in your practice which you can then smooth out. Finally, as
you learn to move more gracefully, the final posture will seem less difficult.

HONOR THE SUGGESTIONS OF PAIN

Do you honor or ignore messages from aches and pains? If you have back
pain, do you adjust your posture and activities to minimize it, or do you just
tough it out? And do you keep a deferential eye on your body, or do you find
that you get so wrapped up in some challenge that you forget about it? If
you do not listen to messages from your body you will be a candidate for
pulled muscles, tendinitis, pinched nerves, and ruptured intervertebral
disks. To avoid injury in hatha yoga you have to develop a self-respecting
awareness.

Begin your program of hatha yoga with a resolution to avoid pain.
Unless you have had years of experience and know exactly what you are
doing, pushing yourself into a painful stretch will not only court injury, it
will also create a state of fear and anxiety, and your nervous system will
store those memories and thwart your efforts to recreate the posture. Pain
is a gift; it tells us that some problem has developed. Analyze the nature of
the problem instead of pushing ahead mindlessly. With self-awareness and
the guidance of a competent teacher, you can do other postures that
circumvent the difficulty.

CULTIVATE REGULARITY, ENTHUSIASM, AND CAUTION

Try to practice at the same time and in the same place every day. Such
habits will make it easier to analyze day-to-day changes. Mornings are best
for improving health—stiffness in the early morning tells you where you
need the most careful work and attention. Later in the day, you lose that
sensitivity and incur the risk of injury. Cultivate a frolicsome enthusiasm
in the morning to counter stiffness. and cautiousness in the evening to
avoid hurting yourself. And at any time, if you start feeling uncommonly
strong, flexible, and frisky, be careful. That’s when it is easy to go too far.
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TAKE PERSONAL RESPONSIBILITY

Study with knowledgeable teachers, but at the same time take responsibility
for your own decisions and actions. Your instructor may be strong and
vigorous, and may urge you on, but you have to be the final arbiter of what

you are capable of doing. Because many hatha yoga postures make use of

unnatural positions, they expose weaknesses in the body, and it is up to you
to decide how and whether to proceed. One criterion is to make sure you
not only feel fine an hour after your practice, but twenty-four hours later
as well. Finally, honor the contraindications for each posture and each class
of postures; if in doubt, consult with a medical practitioner who has had
experience with hatha yoga.

CULTIVATE PATIENCE

Learn from the tortoise. Cultivate the patience to move forward steadily, no
matter how slow your progress. Remember as well that the benefits of
hatha yoga go beyond getting stronger and more flexible, and that if you
are monitoring only that realm, you may be disappointed. For any kind of
beneficial result you have to be patient. The main culprit is thinking that
you should be able to accomplish something without making consistent
effort. That attitude has two unfortunate side effects: first, it diverts your
attention from the work before you to what you believe you are entitled to;
and second, it makes it impossible to learn and appreciate what is taking
place this minute. So resolve to practice being with your experience in the
present moment, enjoy yourself no matter what, and let go of expectations.

"

CHAPTER ONE
MOVEMENT AND POSTURE
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— Michael Gershon, in The Second Brain, p. 34.

’I;le first organizing principle underlying human movement and posture
is our existence in a gravitational field. Imagine its absence in a spacecraft,
where astronauts float unless they are strapped in place, and where outside
the vessel little backpack rockets propel them from one work site to another.
To get exercise, which is crucial for preventing loss of bone calcium on long
voyages, they must work out on machines bolted to the floor. They can’t do
the three things that most of us depend on: walking, running, and lifting.
If they tried to partner up for workouts, all they could do is jerk one another
back and forth. And even hatha yoga postures would be valueless; they
would involve little more than relaxing and squirming around.

Back on earth, it is helpful to keep recalling how the force of gravity
dominates our practice of hatha yoga. We tend to overlook it, forgetting
that it keeps us grounded in the most literal possible sense. When we lift
up into the cobra, the locust, or the bow postures, we lift parts of the body
away from the ground against the force of gravity. In the shoulderstand the
force of gravity holds the shoulders against the floor. In a standing posture
we would collapse if we did not either keep antigravity muscles active or
lock joints to remain erect. And even lying supine, without the need either
to balance or to activate the antigravity muscles, we make use of gravity in
other creative ways, as when we grasp our knees, pull them toward the
chest, roll from side to side, and allow our body weight to massage the back
muscles against the floor.

Keeping in mind that the earth’s gravitational field influences every
movement we make, we'll turn our attention in the rest of this chapter to
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the mechanisms that make movement and posture possible. First we’ll look
at how the skeletal muscles move the body, then we’ll discuss the way the
nervous system controls the operation of the skeletal muscles, and then
we'll examine how connective tissues restrict movement. If we understand
how these three function together within the field of gravity, we can begin
to understand some of the principles underlying hatha yoga. Finally, we’ll
put it all together in a discussion of three postures. We'll begin with the
role of skeletal muscles,

THE NEURO-MUSCULOSKELETAL SYSTEM

To any informed observer, it is plain that the musculoskeletal system
executes all our acts of will, expresses our conscious and unconscious
habits, breathes air into the lungs, articulates our oral expression of words,
and implements all generally recognized forms of nonverbal expression and
communication. And in the practice of hatha yoga, it is plainly the musculo-
skeletal system that enables us to achieve external balance, to twist, bend,
turn upside down, to be still or active, and to accomplish all cleansing and
breathing exercises. Nevertheless, we are subtly deceived if we think that
is the end of the story. Just as we see munchkins sing and dance in The
Wizard of Oz and do not learn that they are not autonomous until the end
of the story, we'll find that muscles, like munchkins, do not operate in
isolation. And just as Dorothy found that the wizard kept a tether on every-
thing going on in his realm, so we'll see that the nervous system keeps an
absolute rein on the musculoskeletal system. The two systems combined
form a neuro-musculoskeletal system that unifies all aspects of our actions
and activities.

To illustrate how the nervous system manages posture, let’s say you are
standing and decide to sit. First your nervous system commands the flexor
muscles (muscles that fold the limbs and bend the spine forward) to pull
the upper part of the trunk forward and to initiate bending at the hips,
knees, and ankles. A bare moment after you initiate that movement, gravity
takes center stage and starts to pull you toward the sitting position. And at
the same time—accompanying the action of gravity—the nervous system
commands the extensor muscles (those that resist folding the limbs) to
counteract gravity and keep you from falling in a heap. Finally, as soon as
you are settled in a secure seated position, the nervous system permits the
extensor muscles and the body as a whole to relax.

The musculoskeletal system does more than move the body, it also
serves as a movable eontainer for the internal organs. Just as a robot houses
and protects its hidden supporting elements (power plant, integrated
circuits, programmable computers, self-repairing components, and enough
fuel to function for a reasonable length of time), so does the musculoskeletal
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system house and protect the delicate internal organs. Hatha yoga postures
teach us to control both the muscles that operate the extremities and the
muscles that form the container.

SKELETAL MUSCLE

The term “muscle” technically includes both its central fleshy part, the
pelly of the muscle, and its tendons. The belly of a muscle is composedlof
individual muscle fibers (muscle cells) which are surrounded by connective
tissue fibers that run into a tendon. The tendon in turn connects the belly
of the muscle to a bone.

Under ordinary circumstances muscle cells contract, or shorten, only
because nerve impulses signal them to do so. When many nerve impulses
per second travel to most of the individual fibers in a muscle, it pulls
strongly on the tendon; if only a few nerve impulses per second travel to a
smaller population of fibers within the muscle, it pulls weakly on the tendon;
and if nerve impulses are totally absent the muscle is totally relaxed.
[Technical note: One of the most persistent misconceptions doggedly survivipg_ in
the biomedical community is that all muscles, even those at rest, always keep receiving
at least some nerve impulses. Fifty years of electromyography with fine-wire needle
electrodes is at odds with this belief, documenting from the 1950s on that it’s not
necessarily true, and that with biofeedback training we can learn to relax most of
our skeletal muscles completely.]

A muscle usually operates on a movable joint such as a hinge or a ball
and socket, and when a muscle is stimulated to contract by the nervous
system, the resulting tension is imparted to the bones on both sides of the
fulerum of the joint. In the case of a hinge such as the elbow that opens to
about 180°, any muscle situated on the face of the hinge that can close will
decrease the angle between the two bones, and any muscle situated on the
back side of the hinge will open it up from a closed or partially closed position.
For example, the biceps brachii muscle lies on the inside of the hinge, so it
acts to flex the forearm (by definition, the segment of the upper extremity
between the wrist and the elbow), pulling the hand toward the shoulder.
The triceps brachii is situated on the back side of the arm (the segment of
the upper extremity between the elbow and the shoulder) on the outside of
the hinge, so it acts to extend the elbow, or unfold the hinge (fig. 1.1).

ORIGINS AND INSERTIONS

We use the words “origin” and “insertion” to indicate where muscles are
attached to bones in relation to the most common movement at a joint. The
origin of a muscle is on the bone that is relatively (or usually) stationary,
and the insertion of a muscle is on the bone that is most generally moved.
Flexion of the elbow is again a good example. Since ordinarily the arm is
fixed and the forearm is moved, at least in relative terms, we say that the
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biceps brachii and triceps brachii take origin from the arm and shoulder,
and that they insert on the forearm (fig. 1.1).

The origins and insertions of a muscle can be functionally reversed.
When the latissimus dorsi muscle (figs. 8.9-10) pulls the arm down and
back in a swimming stroke, its textbook origin is from the lower back and
pelvis, and its insertion is on the humerus in the arm. But when we do a
chin-up the arm is the relatively stable origin. and the lower back and
pelvis become the insertion for lifting the body as a whole. In the coming
chapters we’ll see many examples of how working origins and insertions
are reversed.

AGONIST AND ANTAGONIST MUSCLES

The muscles surrounding a joint act cooperatively, but one of them—the
agonisi—ordinarily serves as the prime mover, assisted in its role by function-
ally related muscles called synergists. While the agonist and its synergists
are acting on one side of the joint, muscles on the opposite side act as
antagonists. As suggested by the name, antagonists monitor. smooth, and
even retard the movement in question. For example, when the biceps
brachii and the brachialis in the arm (the agonist and one of its synergists)
shorten to flex the elbow, the triceps brachii (on the opposite side of the
arm) resists flexion antagonistically while incidentally holding the joint
surfaces in correct apposition (fig. 1.1).

Muscles also act in relation to the force of gravity. In the lower extrem-
ities extensor muscles act as antigravity muscles to keep you upright and
resist crumpling to the floor. Examples: the quadriceps femoris muscle
(figs. 1.2, 3.9, and 8.11) on the front of the thigh (the segment of the lower
extremity between the hip joint and the knee joint) extends the knee joint
as you step onto a platform, and the calf muscles extend the ankles as you
lift your heels to reach an object on a high shelf. Flexor muscles are antag-
onists to the extensors. They can act in two ways. They often aid gravity,
as when you settle into a standing forward bend and then pull yourself
down more insistently with your hip flexors—the iliopseas muscles (figs.
2.8, 3.7, 3.9, and 8.13). But they also act to oppose gravity: if you want to run
in place the iliopsoas muscle complex flexes the hip joint, lifting the thigh
and drawing the knee toward the chest; and if you want to kick yourself in
the buttocks the hamstrings (fig. 3.8, 3.10, 8.10, and 8.12) flex the knee,
pulling the leg (the segment of the lower extremity between the knee and
the ankle) toward the thigh. Even so, the flexor muscles in the lower
extremities are not classified as antigravity muscles, because under ordi-
nary postural circumstances they are antagonists to the muscles that are
supporting the body weight as a whole.

For the upper extremities the situation is different, because unless you
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are doing something unusual like taking a walk in a handstand with slightly
bent elbows (which necessitates a strong commitment from the triceps
prachii muscles), the extensor muscles do not support the weight of the
pody. In most practical circumstances, it is likely to be the flexors 1_‘ather
than extensors that act as antigravity muscles in the upper extremities, as
when you flex an elbow to lift a package or complete a chin-up.

[Technical note: Throughout. this book, in order to keep terminclogy simple and yet

precise, I’ll stick with strict anatomical definitions of arm, forearm,“thigh, and leg::
which means never using ambiguous terms such as “upper arm,” “lower frm,”
“upper leg,” and “lower leg.” The same goes for the carelesg use of the term “arm
to encompass an undetermined portion of the upper extremity and the carele:_ss use
of the term “leg” to encompass an undetermined portion of the lower extremity.]
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Figure 1.1. View of the right scapula, arm, and upper part of the forearm from
hind and the side (from Sappey; see “Acknowledgements” for discussion of
credits regarding drawings, illustrations, and other visual materials).
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|And another technical note: Just to avoid confusion, I’ll not use the word flex
except in regard to the opposite of extend. Everyone knows what a first grader
means by saying “look at me flex my museles,” but beyond this childhood expres-
sion, it can lead to ambiguity. For example, having someone “flex their biceps”
results in flexion of the forearm, but “flexing” the gluteal muscles—the “gluts”—
results not in flexion but in extension of the hips. For describing yoga postures it’s
better just to avoid the usage altogether.]

[And one more: Until getting used to terminology for movements of body parts, it is
often a puzzle whether it’s better to refer to moving a joint through some range of
motion, or to moving the body part on the far side of the joint. For example, the
choice might be between saying: extend the knee joint versus extend the leg, abduct
the hip joint versus abduct the thigh, flex the ankle joint versus flex the foot, extend
the elbow joint versus extend the forearm, or hyperextend the wrist joint versus
hyperextend the hand. Even though the two usages are roughly equivalent, the con-
text usually makes one or the other seem more sensible. For example, sometimes we
refer specifically to the joint, as in “flex the wrist.” In that case, saying “flex the
hand™ would be ambiguous because it could mean any one of three things: making
a fist, flexing the wrist, or both in combination. On the other hand, referring to the
body part is often more self-explanatory, as in “flex the arm forward 9o°.” Although
the alternative—"flex the shoulder joint 90°”—isn’t nonsensical, it’s a little arcane
for the non-professional.]

CONCENTRIC SHORTENING AND ECCENTRIC LENGTHENING

To understand how the musculoskeletal system operates in hatha yoga we
must look at how individual muscles contribute to whole-body activity. The
simplest situation, concentric contraction, or “concentric shortening,” is
one in which muscle fibers are stimulated by nerve impulses and the entire
muscle responds by shortening, as when the biceps brachii muscle in the
forearm shortens concentrically to lift a book.

When we want to put the book down the picture is more complicated. We
do not ordinarily drop an object we have just lifted—we set it down care-
fully by slowly extending the elbow, and we accomplish that by allowing the
muscle as a whole to become longer while keeping some of its muscle fibers
in a state of contraction. Whenever this happens—whenever a muscle
increases in length under tension while resisting gravity—the movement is
called “eccentric lengthening.”

We see concentric shortening and eccentric lengthening in most natural
activities. When you walk up a flight of stairs, the muscles that are lifting
you up are shortening concentrically; when you walk back down the stairs,
the same muscles are lengthening eccentrically to control your descent.
And when you haul yourself up a climbing rope hand over hand, muscles of
the upper extremities shorten concentrically every time you pull yourself
up; as you come back down, the same muscles lengthen eccentrically.

In hatha yoga we see concentric shortening and eccentric lengthening in
hundreds of situations. The simplest is when a single muscle or muscle
group opposes gravity, as when the back muscles shorten concentrically to
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Jift the torso up from a standing forward bend. Then as you slowly lower
back down into the bend, the back muscles resist the force of gravity that
is pulling you forward, lengthening eccentrically to smooth your descent.

|SOTONIC AND ISOMETRIC ACTIVITY

Most readers are already familiar with the terms “isotonic” a..nd “Isometric.”
Strictly speaking, the term isotonic refers solely to shortening qf a muscle
under a constant load, but this never happens in reality except in the case
of vanishingly small ranges of motion. Over time, however, the term
isotonic has become corrupted to apply generally to exercise that involves
movement, usually under conditions of moderate or minimal resistaimce.
[sometric exercise, on the other hand, refers to something more precise—
holding still, often under conditions of substantial or maximum resistance.
Raising and lowering a book repetitively is an isotonic exercise for.the
biceps brachii and its synergists, and holding it still, neither allowing it to
fall nor raising it, is an isometric exercise for the same muscles. Most
athletic endeavors involve isotonic exercise because they involve move-
ment. Japanese sumo wrestling between equally matched, tightly gripped,
and momentarily immobile opponents is one obvious exception. And
isometric exercise is also exemplified by any and every hatha yoga posture
which you are holding steadily with muscular effort.

RELAXATION, STRETCH, AND MOBILITY

If few or no nerve impulses are impinging on muscle fibers, the muscle
tissue will be relaxed, as when you are in the corpse posture (fig. 1.14). But
if a relaxed muscle is stretched, the situation becomes more complex.
Working with a partner can make this plain. If you lie down and lift your
hands straight overhead, and then ask someone to stretch you gently by
pulling on your wrists, you will notice that you can easily go with the
stretch provided you have good flexibility. But if your partner pulls too
suddenly or if there is any appreciable pain, the nervous system will resist
relaxation and keep the muscles tense; or at the least, you will sense them
tightening up to resist the stretch. Finally, if you allow yourself to remain
near your limit of passive but comfortable stretch for a while longer, you
may feel the muscles relax again, allowing your partner to pull more
insistently.

Many of these same responses are apparent if you set up similar conditions
of stretching on your own, as when you place your hands overhead against
a wall and stretch the underside of the arms. This is more demanding of
your concentration than relaxing into someone else’s work. however,
because you are concentrating on two tasks at the same time: creating the
necessary conditions for the stretch, and relaxing into that effort. But the
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same rules apply. If you go too far and too quickly, pain inhibits lengthening,
prevents relaxation, and spoils the work.

MUSCULAR ACTIVITY IN A LUNGING POSTURE

To discover for yourself how skeletal muscles operate in hatha yoga, try a
warrior posture (warrior I) with the feet spread wide apart, the hands
stretched overhead, and the palms together (figs. 1.2 and 7.20). Feel what
happens as you slowly pull the arms to the rear and lower your weight. To
pull the arms up and back, the muscles facing the rear have to shorten
concentrically, while antagonist muscles facing the front passively resist
the stretch and possibly completion of the posture. As you lower your weight
the quadriceps femoris muscle on the front of the flexed thigh resists gravity
and lengthens eccentrically. Finally, as you hold still in the posture, muscles
throughout the body will be in a state of isometric contraction.

Several important principles of musculoskeletal activity cannot be
addressed until we have considered the nervous system and the connective
tissues in detail. For now, it is enough to realize that all muscular activity,
whether it be contraction of individual cells, isotonic or isometric exercise,
agonist or antagonist activity, concentric shortening, or eccentric length-
ening, takes place strictly under the guidance of the nervous system.

muscles facing
the front resist
pulling of the
arms to the rear

muscles facing the rear
shorten concentrically, thus
pulling the arms backward

right quadriceps
femoris muscie
lengthens

eccentrically \

Figure 1.2. Warrior | pose
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THE NERVOUS SYSTEM

We experience all—or at least everything pertaining to the material
world—through the agency of specialized, irreplaceable cells called
neurons, 100 billion of them in the brain alone, that channel information
throughout the body and within the vast supporting cellular milieu D.f the
central nervous system (the brain and spinal cord). This is all accomplished
by only three kinds of neurons: sensory neurons, which carry the flow of
sensation from the peripheral nervous system (by definition all parts of the
nervous system excepting the brain and spinal cord) into the central nervous
system and consciousness; molor neurons, which earry instructions from
the brain and spinal cord into the peripheral nervous system, and from
there to muscles and glands; and interneurons, or association neurons,
which are interposed between the sensory neurons and the motor neurons,
and which transmit our will and volition to the motor neurons. The sensory
information is carried into the dorsal horn of the spinal cord by way of
dorsal roots, and the motor information is carried out of the ventral horn
of the spinal cord by way of ventral roots. The dorsal and ventral roots join
to form mixed (motor and sensory) spinal nerves that in turn innervate
structures throughout the body (figs. 1.3-9).

[Technical notes: Because this is a book correlating biomedical science w_ith yoga,
which many consider to be a science of mind, a few comments are r_eqmred on a
subject of perennial, although possibly overworked, philosophical mterestfthe
nature of mind vis-g-vis the nervous system, Speaking for neuroscientists, I think [
can say that most of us accept as axiomatic that neurons are collectively responsible
for all of our thinking, cognition, emotions, and other activities of mind. and that
the totality of mind is inherent in the nervous system. But I also h?ve Fo say as a
practicing yogi that according to that tradition, the principle of mind is separate
from and more subtle than the nervous system, and is considered to be a life principle
that extends even beyond the body.]

[How and whether these questions become resolved in the third millennium is anyone’s
guess, They are topics that are not usually taken seriously by working scuentls:ts,
who usually consider it a waste of time to ponder non-testable propositions, which
are by definition propositions that cannot possibly be proven wrong. Such state-
ments abound in new age commentaries, and are a source of mild embarrassment
to these of us who are trying to examine older traditions using techniques of modern
science. This says nothing about the accuracy of such proposals. It may be true, for
example, that “life cannot continue in the absence of prana.” The problem is that
short of developing a definition and assay for prana, such a statement can not be
tested—it can only be accepted, denied, or argued ad infinitum.]

[This approach to experimentation and observation doesn’t require a lot of brilliance.
It simply stipulates that you must always ask yourself if the nature and content of a
statement make it potentially refutable with an experimental approach. !l’it’s not,
You will be accurate 90% of the time if you conclude that the idea is spurious, even
though it may sound inviting or may even appear self-evident, as did the chemical
theory of phl&giston in the mid-18th century. To give the benefit of the doubt to the
Purveyors of such statements, it’s rare that they are outright fabrications. On the
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other hand, one should always keep in mind that all of us (including scientists) have
a huge capacity for deceiving ourselves when it comes to defending our ideas and
innovations. The problem is that it’s often impossible to distinguish fantasy, wishful
thinking, mild exaggeration, and imprecise language from out-and-out fraud. What
to do? In the end it’s a waste of time to make a career of ferreting out errors—one
can’t get rid of bad ideas by pointing them out. On the other hand. if we turn our
attention to propositions that can be tested, the creative attention this requires
sometimes brings inspiration and better ideas, which in turn disposes of bad ideas
by displacing them. Lavoisier discredited the theory of phlogiston by pointing to
brilliant experiments (many of them carried out by others), not by crafting cunning
arguments. |

[One last concern: if your complaint is that you can’t understand a particular concept
and do not feel competent to eriticize it, don’t assume that the problem is your own
lack of intelligence or scientific background. More than likely, the idea wasn’t
presented in a straightforward manner, and it usually happens that this masks one
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Figure 1.3. Microscopic section of dorsal root ganglion (above),
and three-dimensional view of the first lumbar segment (L1) of
the spinal cord, showing paired dorsal and ventral roots and
mixed (motor and sensory) spinal nerves (from Quain).
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or more fatal flaws in the reasoning. One dependable test of a concept is whether
you can convincingly explain it, along with the mechanics of how it operates, to a
third party. If you find yourself getting your explanation garbled, or if your
listener does not comprehend your argument or is unpersuaded, please examine and
research the idea more critically, and if it still does not pass muster, either discard
it or put it on the back burner. I invite the reader to hold me to these standards. To
honor them, I'll limit inquiries to what we can appraise and discuss in the realm of
modern biomedical science, and to refine and improve my presentation, I ask for
your written input and cordial eriticism. |

Returning to our immediate concerns, it is plain that neurons channel
our mindful intentions to the muscles, but we still need working definitions
for will and volition. In this book I'm arbitrarily defining will as the
decision-making process associated with mind, and I'm defining volition as
the actual initiation of the on and off commands from the cerebral cortex
and other regions of the central nervous system that are responsible for
commanding our actions. So “will” is a black box, the contents of which are
still largely unknown and at best marginally accessible to experimentation.
The nature and content of volition, by contrast, can be explored with estab-

lished methods of neuroscience.

NEURONS

The neuron is the basic structural and functional unit of the nervous
system. Although there are other cell types in the nervous system, namely
the neuroglia, or “nerve glue cells,” which outnumber neurons 10:1, these
supporting cells do not appear, as do the neurons, to be in the business of
transmitting information from place to place. So the neuron is our main
interest. It has several components: a nucleated cell body that supports
growth and development, and cellular extensions, or processes, some of
them very long, that receive and transmit information. The cellular
processes are of two types: dendrites and axons. Picture an octopus hooked
on a fishing line. Its eight arms are the dendrites, and the fishing line is the
axon. A typical motor neuron contains many dendrites that branch off the
cell body. Its single axon—the fishing line—may extend anywhere from a
fraction of an inch away from the cell body to four feet in the case of a
motor neuron whose cell body is in the spinal cord and whose terminal
ends in a muscle of the foot, or even fifteen feet long in the case of similar
neurons in a giraffe. The axon may have branches that come off the main
trunk of the axon near the cell body (axon collaterals), and all branches,
including the main trunk, subdivide profusely as they near their targets.
Dendrites are specialized to receive information from the environment
or from other neurons, and an axon transmits information in the form of
nerve impulses to some other site in the body. Dendrites of sensory neurons

‘are in the skin, joints, muscles, and internal organs; their cell bodies are in

dorsal root ganglia, which are located alongside the spine, and their axons
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carry sensory information into the spinal cord (figs. 1.3-9). Dendrites of
motor neurons are located in the central nervous system, and axons of
motor neurons fan out from there (in peripheral nerves) to innervate muscle
cells and glands throughout the body. Between the sensory and motor
neurons are the association neurons, or interneurons, whose dendrites
receive information from sensory neurons and whose axons contact other
interneurons or motor neurons that innervate muscles (fig. 1.4). As a class,
the interneurons comprise most of the neurons within the brain and spinal
cord, including secondary and tertiary linking neurons that relay sensory
signals to the cerebrum, projection neurons that relay motor signals from
the cerebrum and cerebellum to intermediary neurons that eventually
contact motor neurons of the spinal cord, and commissural neurons that
connect the right and left cerebral hemispheres—that is, the “right brain”
and the “left brain.”

Interneurons put it all together. You sense and ultimately do, and
between sensing and doing are the integrating activities of the interneurons.
It’s true, as the first-grade reader suggests, that you can think and do, but
more often you sense, think, and do.

To operate the entire organism, neurons form networks and chains that
contact and influence one another at sites called “synapses.” Synaptic
terminals of axons at such sites release chemical transmitter substances
that affect the dendrite of the next neuron in the chain (fig. 1.4). The first
neuron is the pre-synaptic neuron, and the neuron affected is the
post-synaptic neuron. The pre-synaptic axon terminal transmits to the
post-synaptic dendrite—not the other way around; it’s a one-way street.

Two types of transmitter substances are released at the synapse: one
facilitates (speeds up) the activity of the post-synaptic neuron; the other
inhibiis (slows down) the activity of the post-synaptic neuron. Thousands
of axon terminals may synapse on the dendrites of one post-synaptic
neuron, and the level of activity of the recipient neuron depends on its pre-
synaptic input. More facilitation yields more activity in the post-synaptic
neuron in the form of increasing numbers of nerve impulses that travel
down its axon; more inkibition yields diminished activity. For example, the
pre-synaptic input of association neurons to motor neurons cither facili-
tates the activity of motor neurons, causing them to fire more nerve
impulses per second to skeletal muscles, or it inhibits their activity,
causing them to fire fewer nerve impulses per second. The peacock posture
(fig. 3.23d) requires maximum facilitation and diminished inhibition of the
motor neurons that innervate the abdominal muscles, deep back muscles,
muscles that stabilize the scapulae, and flexors of the forearms. On the
other hand, muscular relaxation in the corpse posture (fig. 1.14) requires
reduced facilitation and possibly increased inhibition of motor neurons
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throughout the central nervous system (see fig. 10.1 for a summary of
possible mechanisms of muscular relaxation).

VOLITION: THE PATHWAYS TO ACTIVE VOLUNTARY MOVEMENT

Exercising our volition to create active voluntary movement involves
dozens of well-known circuits of association neurons whose dendrites and
cell bodies are in the cerebrum, cerebellum, and other portions of the brain.
and whose axons terminate on motor neurons. A small but important sub-
set of projection neurons, the subset whose cell bodies are located in the
cerebral cortex and whose axons terminate on motor neurons in the spinal
cord, are known as “upper motor neurons” because they are important in
controlling willed activity. These are differentiated from the main class of
motor neurons, the “lower motor newrons,” whose cell badies are located in
the spinal cord. Collectively, the lower motor neurons are called the “final
common pathway” because it is their axons that directly innervate skeletal
muscles. In common parlance, if someone refers simply to “motor neurons,”
they are invariably thinking of lower motor neurons (fig. 1.5).

LOWER MOTOR NEURON PARALYSIS: FLACCID PARALYSIS

The best way to understand how the motor pathways of the nervous system
operate is to examine the classic neurological syndromes that result from
illnesses, or from injuries that have an impact on some aspect of motor
function. We'll start with one of the most famous: poliomyelitis, commonly
known as polio, which destroys lower motor neurons. Anyone who grew up
in the 1940s and early 1950s will remember the dread of this disease. And
then a miracle—the Salk vaccine—came in 1954, putting an end to the fear.

Poliomyelitis can be devastating because it destroys the lower motor
neurons and deprives the muscles of nerve impulses from the spinal cord,
and this results in muscular paralysis. Our power of volition in the cerebral
cortex has been disconnected from the pathway of action out of the spinal
cord because the final common pathway has been destroyed. In its most
extreme form the resulting paralysis causes muscles to become completely
flaccid, and this accounts for its medical name: flaccid paralysts. The same
thing happens in a less global fashion when a peripheral nerve is severed
or crushed. Destruction of the lower motor neurons or their axons at any site
in the spinal cord or peripheral nerves causes paralysis of all their muscular
targets. Will, volition, and active voluntary movement are totally frustrated.

UPPER MOTOR NEURON PARALYSIS: SPASTIC PARALYSIS

When the upper motor neurons or their axons are destroyed as in an injury
or stroke (the interruption of blood supply to the brain) that destroys the
motor region of the cerebral cortex, we lose much of our voluntary control
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of the lower motor neurons, especially on the side opposite to the site of the
injury. Our will can no longer be expressed actively and smoothly. The ultimate
result of this, at least in severe cases in which a vascular mishap oceurs at
a site where the axons of other motor systems are interrupted along with
those of the upper motor neurons, is not flaccid paralysis but spastic paralysts,
in which the muscles are rigid and not easily controlled. A semblance of
motor function remaing because other parts of the nervous system, parts
that have been spared injury, also send axon terminals to the lower motor
neurons and affect motor function. The problem is that these supplemental
sources of input cannot be controlled accurately, and some of them facilitate
the lower motor neurons to such an extent that skeletal muscles are driven
into strong and uncontrolled states of contraction. Although most of the
time the condition does not result in total dysfunction, severe spastic paralysis
iz only mildly less devastating than flaccid paralysis; some active voluntary
movements are possible, but they are poorly coordinated, especially those
that make use of the distal muscles of the extremities (fig. 1.6).

SPINAL CORD INJURIES

If the entire spinal cord is severed or severely damaged at some specific
level, there are two main problems. First, sensory information that comes
into the spinal cord from below the level of the injury cannot get to the
cerebral cortex and thereby to conscious awareness. The patient is not
aware of touch, pressure, pain, or temperature from the affected region of
the body. Second, motor commands from the brain cannot get to the lower
motor neurons that are located below the injury. Spinal cord injuries at
different levels illustrate these conditions: a spinal cord transection in the
thoracic region would result in paraplegia—paralysis and loss of sensation
in the lower extremities; and a spinal cord transection in the lower part of
the neck would cause quadriplegio—paralysis and loss of sensation from
the neck down, including all four extremities (fig. 2.12). Injuries such as
these are usually the result of either automobile or sports accidents.

REFLEXES

So far our discussion has focused on neuronal connections from the top
down—from our intention, to the cerebral cortex, to upper motor neurons,
lower motor neurons, and skeletal muscles. But there is something else to
consider, something much more primitive and elemental in the nervous
system that bypasses our conscious choices: reflexes, or unconscious motor
responses to sensory stimuli. In this context reflexes have nothing at all to
do with the lightning-fast reactions (“fast reflexes”) that are needed for
expertise in video games or quick-draw artistry. These reactions refer to
unconscious responses carried out at the spinal level.
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Reflexes are simple. That is why they are called reflexes. They always
include four elements: a sensory neuron that receives a stimulus and that
carries nerve impulses into the spinal cord, an integrating center within
the spinal cord, a motor neuron that relays nerve impulses back out to a
muscle, and the muscular response that completes the action. More explicitly,
the sensory neurons carry nerve impulses from a muscle, tendon, ligament,
joint, or the skin to an integrating center in the spinal cord. This integrating
center might be as simple as one synapse between the sensory and motor
neuron, or it might involve one or more interneurons. The motor neuron,
in its turn, innervates muscle cells that complete the action. By definition,
the reflex bypasses higher centers of consciousness. Awareness of the
accompanying sensation gets to the cerebral cortex after the fact and only
because it is carried there independently by other circuits. There are
dozens of well-known reflexes. We'll examine three, all of which are important
in hatha yoga.

THE MYOTATIC STRETCH REFLEX

The myotatic stretch reflex, familiar to everyone as the “kneejerk,” is actually
found throughout the body, but is especially active in antigravity muscles (fig.
1.7). You can test it in the thigh. Cross your knees so that one foot can
bounce up and down freely, and then tap the patellar tendon just below the
kneecap with the edge of your hand. Find just the right spot, and the big set
of quadriceps femoris muscles on the front of the thigh will contract reflexly
and cause the foot to fly up. You have to remain relaxed, however, because it
is possible to override the reflex with a willed effort to hold the leg in place.

The receptors for the myotatic stretch reflex are located in the belly of
the muscle, where the dendrites of sensory neurons are in contact with
muscle spindles—specialized receptors barely large enough to be visible
with the naked eye. Named for their shapes, each of these muscle spindles
contains a spindle-shaped collection of specialized muscle fibers that are
loaded with sensory receptors (fig. 1.7).

The reflex works this way: When you tap the patellar tendon to activate
the reflex at the knee joint, the impact stretches muscle spindles in the
quadriceps femoris muscle on the front of the thigh. This stretch is as fast
as an eyeblink, but it nevertheless stimulates the specific sensory neurons
whose dendrites end in the muscle spindles and whose axons terminate
directly on motor neurons back in the spinal cord. Those axon terminals
strongly facilitate the cell bodies of the motor neurons whose axon terminals
stimulate the quadriceps femorig muscle, causing it to shorten and jerk the
foot up. The myotatic stretch reflex is specific in that it feeds back only to

the muscle in which the spindle is located.
As with all reflexes, this one takes place a fraction of a second before you
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are aware of it consciously. You feel it happen after the fact, after the reflex
has already completed its circuit. And you notice the sensation consciously
only because separate receptors for the modality of touch send messages to
the cerebral cortex and thus into the conscious mind.

You can feel the myotatic stretch reflex in operation in many sports in
which your muscles absorb dynamic shocks. For example, when you are
water skiing on rough water outside the wake of a boat, the muscle spindles
in the knee extensors of the thighs are stretched by the impact of hitting
each wave, and absorbing one bump after another would quickly collapse
your posture were it not for the myotatic stretch reflex. Instead, what happens
is that each impact activates the reflex for the quadriceps femoris muscles in a
few milliseconds, thus stabilizing the body in an upright position. You can also
feel the reflex when you attack moguls aggressively on a ski slope, run
down the boulder field of a mountain (fig. 1.7), or simply jump off a chair
onto the floor—any activity in which an impact shocks the muscle spindles.
The reflex is therefore a major contributor to what we interpret as
“strength” in our dynamic interactions with gravity. Athletes depend on it
far more than most of them realize.

Stimulating myotatic stretch reflexes repetitively has another important
effect: it shortens muscles and diminishes flexibility. We can see this most
obviously in jogging, which only mildly engages the reflexes each time your
front foot hits the ground, but engages them thousands of times in a
halfhour. This can cause problems if taken to an extreme, and if you tend
to be tight you should always do prolonged slow stretching after a run. On
the other hand, if the muscles, tendons, and ligaments are overly loose
from too much stretching and too few repetitive movements, joints can
become destabilized, and in such cases an activity that tightens everything
down is one of the best things you can do.

In hatha yoga we usually want to minimize the effects of the myotatic
stretch reflex because even moderately dynamic movements will fire the
receptors, stimulate the motor neurons, shorten the muscles, and thereby
limit stretch. Any dynamic movement in hatha yoga activates the myotatic
stretch reflex—bouncy sun salutations, jumping in and out of standing
postures, and joints and glands exercises carried off with flair and toss.
These are all fine, especially as warm-ups, but if you wish to lengthen
muscles and increase flexibility it is better to move into postures slowly.

THE CLASP KNIFE REFLEX

The clasp knife reflex acts like the blade of a pocket knife when it resists
closure up to a certain point and then suddenly snaps into its folded position.
It is another stretch reflex, but this one causes the targeted muscle to relax
rather than contract. The stimulus for the reflex is not dynamic stretch of
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a muscle spindle, but contractile tension on a sensory receptor in a tendon.
This tension reflexly causes the muscle attached to that tendon to relax
and the joint to buckle (fig. 1.8).

The sensory receptor for the clasp knife reflex is the Golgi tendon organ.
Most of the receptors are actually located near musculotendinous junctions,
where they link small slips of connective tissue with their associated muscle
fibers. The Golgi tendon organ is therefore activated by the contraction of
muscles cells that are in line (in series) with the receptor. Recent studies
have clarified that the Golgi tendon organ is relatively insensitive to passive
stretch, but that it begins to fire nerve impulses back to the spinal cord as
soon as muscle fibers start tugging on it.

And then what happens? This is the main idea: unlike the myotatic
stretch reflex, here the incoming sensory axons do not terminate directly
on motor neurons (which would increase their activity and stimulate a
muscular contraction), but on inhibitory interneurons that diminish the
activity of motor neurons and thereby cause the muscle to relax. If you
stimulate the receptor, the reflex relaxes the muscle (fig. 1.8). It is a precise
feedback loop in which the contraction of muscle fibers shuts down their
own activity. This feedback loop works something like a thermostat that
shuts off the heat when the temperature rises. Anecdotal reports of super-
hlfman strength in which a parent is able to lift an automobile off her child
tfught be due to a massive central nervous system inhibition of this reflex
l?ke a thermostat that stops working and overheats a house. In ordinar.;
life we see the clasp knife reflex in action, at least in a gross form, when
two unequally matched arm wrestlers hold their positions for a few seconds
and suddenly the weaker of the two gives way (fig. 1.8). ’

Whether intentional or not, we constantly make use of the clasp knife
reﬂtlax while we are practicing hatha yoga. To see it most effectively and to
%)egm to gain awareness of its utility, measure roughly how far you can come
into alforward bend with your knees straight, preferably the first thing in the
morning. Then bend the knees enough to flatten the torso against the thighs
H(?ld that position firmly, keeping the arms tightly wrapped around thl;
thighs to stabilize the back in a comfortable position in relation to the pelvis
Then try to straighten the knees while keeping the chest tightly in place anci
hold th_at position in an intense isometric pull for 30 seconds. This isl the
ham:stnngs-quadﬁceps thigh pull (fig. 1.16), and we’ll examine it in more
detail later in this chapter. Release the pose and then check to see how much
ﬁ.‘lrther you can come into a forward bend with the knees straight. The
difference will be a measure of how much the Golgi tendon organs “stimu-
lated” the hamstring muscles to relax by way of the clasp knife reflex

The Golgi tendon organs are sensitive to manual stimulation as “-rell as
to muscular tension. If you manipulate any musculotendinous junction in
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the body vigorously, its Golgi tendon organs will reflexly cause their asso-
ciated muscle fibers to relax. This is one of the reasons why deep massage
is relaxing. This is also why body therapists wanting to reduce tension in a
specific muscle will work directly on its musculotendinous junctions. It’s
an old chiropractic trick—manual stimulation stimulates the clasp knife
reflex almost as efficiently as contractile tension. Surprisingly, the resuits
last for a day or two, during which time the recipient of the work has a
chance to correct the offending musculoskeletal habit that gave rise to the
excess tension in the first place.

Although you can test the effects of manual stimulation on tendons any-
where in the body, let’s experiment with the adductor muscles on the inside
of the thighs because tight adductors, more than any other muscles, limit
your ability to sit straight and comfortably in the classic yoga sitting pos-
tures. First test your ability to sit in either the auspicious or accomplished
posture (figs. 10.11 and 10.14). Then release the pose and lie with the hips
butted up firmly against a wall with the knees extended and the thighs
spread out as much as possible for an adductor stretch. With the help of a
partner to hold your thighs abducted, try to pull the thighs together
isometrically, engaging the adductors as much as possible, and at the same
time stimulate the Golgi tendon organs in the adductor muscles with
vigorous rubbing. Some of the adductor tendons are the cordlike structures
in the inner thighs near the genitals. Others are more flattened and are
located further to the rear. All of them take origin from a pair of bones, the
inferior pubic rami (fig. 1.12), that together form the rear-facing V which
accommodates the genitals.

As you massage the adductors for a minute or so while keeping them
under tension, you will feel them gradually release, as evidenced by being
able to abduct the thighs more completely. Then sit up and check for
improvement in your sitting posture. The combination of massaging the
adductor tendons plus making an isometric effort with stretched adductors
powerfully inhibits the motor neurons that innervate these muscles, and
this allows them to release and permits you to sit straighter and more
comfortably.

The hamstrings-quadriceps thigh pull and the adductor massage give us
obvious examples of how the clasp knife reflex operates. It is also invoked
in a milder form any time you are able to stay comfortable in an active
posture for more than 10-15 seconds, which is what we often do in hatha
yoga. In this case don’t bounce unless you want to induce the myotatic
stretch reflex, and don't take a posture into the discomfort zone unless you
are prepared to trigger flexion reflexes, which we’ll discuss next.
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FLEXION REFLEXES

The flexion reflexes (fig. 1.9) are pain reflexes. If you inadvertently touch a
hot skillet you jerk your hand back reflexly. You don’t have to think about
it, it just happens. As with the other reflexes, awareness comes a moment
later. Flexion reflexes are more complex than stretch reflexes, but they are
easier to comprehend because pain is such an obvious part of everyone’s
conscious experience. Even if it is no more than a feeling of stretch that
went too far while you were gardening, a pain in the knee or hip that devel-
oped after a strenuous hike, or a neck problem you didn’t notice until you
started to turn too far in a certain direction. with rare exceptions your
automatic response will be flexion. You may be only vaguely aware of the
reflex itself, but you will certainly be aware of the fear and tension that
accompanies it.

The sensory neurons (including their axons) that carry the modalities of
pain and temperature conduct their nerve impulses more slowly than those
that activate the myotatic stretch reflex. What is more, flexion reflexes are
polysynaptic—that is, they involve one or more interneurons in addition to
the sensory and motor neurons—and each synapse in the chain of neurons
slows down the speed of the reaction. You can estimate the conduction time
for temperature by licking your finger and touching a coffee pot that is hot
enough to hurt but not hot enough to cause injury: It will take almost a second
for the sensation to reach consciousness from a finger, well over a second from
a big toe, and, for the adventuresome, about a tenth of a second from the
tip of the nose. Such slow conduction times from the extremities would not
serve the myotatic stretch reflex. If, for that reflex, it took a full second for
nerve impulses to reach the spinal cord, you would be in serious trouble
jumping off a platform onto the floor with bent knees—you would collapse
and shatter your kneecaps before the extensor muscles could react enough
to support your weight.

Like the two stretch reflexes we have just considered, the motor reflexes
for flexion are spinal, not cerebral. So even if the spinal cord were cut ofl
from the brain, the flexion reflex would still withdraw a foot from a toxic
stimulus. That’s why neurologists have little reason to be encouraged
when the foot of a patient with a spinal cord injury responds to a pinch.

RECIPROCAL INHIBITION

Flexion reflexes not only activate flexor muscles to pull the hand or the foot
toward the torso, they also relax the extensors, which then allows flexion
to take place freely. This is done through the agency of inhibitory inter-
neurons. While facilitatory interneurons impinge on motor neurons that
innervate flexors, thus causing them to contract, inhibitory interneurons
impinge on motor neurons that innervate extensors, causing them to relax.
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The phenomenon is known as reciprocal inhibition, and it is an integral
part of the flexion reflex (fig. 1.9).

Unlike stretch reflexes, flexion reflexes create effects well beyond the
site of the stimulus. We can see this when a nurse pricks a child’s index
finger with a needle to draw blood. The child’s entire upper extremity
reacts, not just the flexors in the offended finger. A vehement jerk back-
ward shows that the flexion reflex facilitates flexor motor neurons and
inhibits extensor motor neurons for the entire upper extremity.

THE CROSSED-EXTENSION REFLEX

The crossed-extension reflex adds yet another ingredient to flexion reflexes—
a supporting role for the opposite side of the body. Through the agency of
this reflex, as the extremity on the injured side flexes, the extremity on the
other side extends. This would happen if you stepped on a hot coal near a
campfire. You don’t have to think about either reflex; you lift your injured
foot in a hurry, contracting flexors and relaxing extensors on that side—
everything at the same time —toe, ankle, knee, hip, and even the torso. And
as the injured foot lifts, the crossed-extension reflex contracts the extensors
and relaxes the flexors on the opposite side of the body, strengthening your
stance and keeping you from toppling over into the fire (fig. 1.9).

The crossed-extension reflex is accomplished by interneurons whose
axons cross to the opposite side of the spinal cord and innervate motor neurons
in a reverse pattern from that seen on the side with the injury—motor neurons
for extensor muscles are facilitated, and motor neurons for flexor muscles are
inhibited.

The flexion reflexes also serve many other protective functions. For
example, if you sprain your ankle badly, the pain endings become more sen-
sitive. The next time you start to turn your ankle, the higher centers in the
brain associated with volition and consciousness allow the spinal flexion
reflexes to act unencumbered and collapse the limb before your weight
drops fully on the vulnerable joint. This prevents re-injury. A “trick” knee
demonstrates the same mechanisms—an old injury, a gudden physical
threat. unresistant higher centers, and unconscious flexion reflexes. Your
bad knee buckles quickly, and you are saved from more serious injury.

RECIPROCAL INHIBITION AND A STIFF BACK

Since they restrain movement, flexion reflexes usually influence hatha
postures negatively, but there are certain situations in which we can use¢
them to our advantage. If you tend to be stiff and not inclined to forward
bending, try this experiment early in the morning. First, for comparison,
slowly lower into a standing forward bend with your fingers extended.
Notice that you hesitate to come forward smoothly. This may happen even

»
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if you are in excellent condition but not warmed up. The deep back
muscles are extensors of the back; they lengthen eccentrically as you bend
resisting forward movement and only allowing you come into the postur(;
with creaks and wariness. Come up. Next, holding the elbows partially
flexed, flex your fingers tightly, making fists. Holding that gesture, come
forward again. You will immediately notice that you do this more easily and
gmoothly than when your fingers and elbows were extended. Come up, and
repeat the exercise to your capacity. ’

Making your hands into fists reciprocally inhibits the motor neurons
that innervate the deep back muscles. If you are in good condition this
merely helps you come forward more smoothly and confidently, but if your
back is tense from excess muscle tone in the deep back muscles you will be
amazed at how much the simple act of flexing your fingers into fists eases
you into a relaxed bend.

Why might your back be stiff from excess muscle tone? It is usually
because of pain that causes the back muscles to become taut and act as a
splint to prevent movement. This is fine for a while as a protective measure
but at some stage it becomes counterproductive and leads to other problems’
When stiffness and mild back pain emerge, you need enough muscle tomé
to prevent re-injury, it is true, but you do not need enough to lock you up
f'or months on end. The reciprocal inhibition caused by making your hands
into fists helps relax the extensor muscles in the back and allows you to
ease further into a forward bend. If your back is chronically stiff, but not
in acute pain, you can benefit by doing this exercise several times a day.

THE VESTIBULAR SYSTEM, SIGHT, AND TOUCH

So far we baue seen how motor neurons drive the musculoskeletal system
how asg:cmtion neurons channel our will to the motor neurons, and hov;
sensory input from muscles, tendons, and pain receptors partici‘pate with
motor neurons in simple reflexes. But that’s only the beginning. Many
?ther sources of sensory input also affect motor function. Some of the most
Important are the vestibular sense, sight, and touch.

THE VESTIBULAR SENSE

:?t::ji little ct?nscinus Sw A Eness of our vestibular sense even though it is
. or keefl'amg. 1.15 balanogd in the field of gravity. Its receptors lie close
cjmulatrgm c; heanpg-—-t'he inner ear_—in little circular tubes called semi-
g eilana s and in a h'ttle reservoir called the uiricle, all of which are
The d in the bony region of the skull just underneath the external ear

semicircular canals and the utricle are all involved with maintaining

gﬁ; equilibrium in space, but within that realm they are sensitive to
i erent stimuli—the semicircular canals to rotary acceleration, and the
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utricle to linear acceleration and to our orientation in a gravitational field.
They also participate in different reflexes: the semicircular canals coor-
dinate eye movements, and the utricles coordinate whole-body postural
adjustments.

Except for pilots, dancers, ice skaters, and others who require an acute
awareness of equilibrium, most of us take the vestibular system for granted.
We don’t notice it because it does almost all of its work reflexly, feeding

sensory information into numerous motor circuits that control eye and

body movements.
Because the semicircular canals are sensitive to rotary acceleration,

they respond when we start or stop any spinning motion of the body. One
of their several roles is to help us maintain our equilibrium by coordinating
eye movements with movements of the head. You can experience these if
you sit cross-legged on a chair or stool that can rotate, tip your head forward
about 30°, and have some assistants turn you around and around quickly
for 30-40 seconds. Make sure you keep balanced and upright. Don’t lean to
the side or you will be pitched off onto the floor. Then have your assistants
stop you suddenly. You eyes will exhibit little jerky movements known as
nystagmus, and you will probably feel dizzy. Children play with this reflex
when they spin themselves until they get dizzy and fall down. The sensation
they describe as the world “turning” is due to nystagmus. The perception
is disorienting at first but it slows down and stops after a while.

The receptors in the semicircular canals stop sending signals after about
30 seconds of spinning, which is why you have your assistants rotate you
for that period of time. It is also why the reaction slows down and stops in
30 seconds after you are abruptly stopped. Third-party observers obviously
cannot observe nystagmus during the initial period of acceleration while
vou are being spun around. To observe these eye movements in a practical
setting, we must rely on what we call post-rotatory nystagmus, the eyt
movements that occur after you have been stopped suddenly.

The neurological cireuitry for nystagmus is sensitive to excessive alcohol.
and this is why highway patrol officers ask suspected drunks to get out of
the car and walk a straight line. If the suspect is suffering from alcohol-
induced nystagmus, the ensuing dizziness is likely to make walking
straight impossible. Spontaneous (and continuing) forms of nystagmus
that are not induced by drugs or alcohol may be symptomatic of neurological
problems such as a brain tumor or stroke.

Occasionally students in hatha yoga classes are sensitive to dizziness
when they do neck exercises. They may have had such problems from
childhood or they may just not be accustomed to the fact that they are
stimulating their semicircular canals when they rotate their head. And
even otherwise healthy students who are just getting over a fever may be
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sensitive to dizziness. In any case, anyone who is sensitive should always
do neck exercises slowly.

The second component of the vestibular organ, the utricle, detects two
modalities: speeding up or slowing down while you are moving,in a straight
line, and the static orientation of the head in space. The rush of accelerating
or decelerating a car is an example of the first case. As with the semicircular
canals, stimulation ends after an equilibrium is established, whether sitting
still or going 100 miles per hour at a constant rate on a straight road. The
utricles also respond to the orientation of the head in the earth’s gravimﬁond
field—an upright posture stimulates them the least and the headstand
stimulates them the most. The receptors in the utricle adapt to the stimulus
of an altered posture after a short time, however, which is why it is so
important for pilots of small planes to depend on instruments for keeping
properly oriented in the sky when visual feedback is absent or confusing
For example, a friend of mine was piloting a small plane and flew unexpectedb;
?nto {1 thick bank of clouds. Instantly lost and disoriented, and untrained
in flying on instruments, he calculated that he would just make a slow 180°
turn. Unfortunately, after having made the turn and exiting the clouds, he
was shocked to see that he was headed straight toward the grOL;nd
Fortunatx.ely, he had enough airspace to pull out of the dive. ’

In ordinary circumstances on the ground, the receptors in the utricle do

more than sense the orientation of the head in space: they trigger man
whole-body postural reflexes that maintain our balance. This is the sourcz
of the impulse to lean into curves while you are running or cycling around
a track. We also depend on the utricle for underlying adjustments of hatha
yoga postures that we trigger when we tilt the head forward, backward, or
to one side. Every shift of the head in space initiates reﬂexe‘s that aid a;.nd
abet many of the whole-body postural adjustments in the torso that we
take for granted in hatha yoga.
ve;‘:;,eu]::"-kfow righting reflexes in cats can give us a hint of how the
i sry: bfn(;;;lﬂuence? posture in. humans. If you want to see these
- u]:jh ~ ;bo p an amicable (?at. with its legs pointed up, from as little
e ve the floor. It vrnl] turn with incredible speed and land on
| our feet, even if it has been blindfolded. Careful study reveals a definite
.quuence of ever:lts. The utricle first detects being upside down, and then it
. tects the fa?llmg sensation of linear acceleration toward the floor. In
m::tﬁthls the cat automati@ly mt..ati?s its head, which stimulates r;eck
- |ln t:;;n leads to an agile twisting around of the rest of the body
- e landing on all four feet. The cat does all this in a fraction of a
_ﬁ;é . Comparable reﬂeafes also take place in human beings, although
they are not as refined as in cats.



50 ANATOMY OF HATHA YOGA

SIGHT

When we are moving we are heavily dependent on vision, as anyone can
attest who has stepped off a curb unawares or thought erroneously that
one more step remained in a staircase. This is true to a lesser extent when
we are standing still. If you stand upright with your feet together and your
eyes open, you can remain «till and be aware that only minuscule shifts in
the muscles of the lower extremities are necessary to maintain your balance.
But the moment you close your eyes you will experience more pronounced
muscular shifts. For an even more convineing test, come into a posture such
as the tree or eagle with your eyes open, establish your balance fully, and
then close your eyes. Few people will be able to do this for more than a few
seconds before they wobble or fall.

Visual cues are especially important while coming into a hatha yoga pos-
ture, but once you are stable you can close your eyes in most poses without
losing your balance provided your vestibular system and joint senses are
healthy. On the other hand, if you want to study your body’s alignment
objectively you can do it only by watching your reflection in a mirror. It is
all too easy to deceive yourself if you depend purely on your muscle- and
joint-sense to establish right-left balance.

THE SENSE OF TOUCH

The sense of touch brings us awareness of the pleasure and luxury of com-
fortable stretch, and because of this it is the surest authority we have for
telling us how far to go into a hatha yoga posture. The vestibular reflexes
and vision help with balance, and pain tells us how far not to go in a
stretch. But the sense of touch is a beacon. It both rewards and guides.

The modality of touch includes discriminating touch, deep pressure, and
Rinesthesis. All three are brought into conscious awareness in the cerebral
cortex, and along with stretch reflexes, vision, and the vestibular sense,
they make it possible for us to maintain our balance and equilibrium.
Discriminating touch is sensed by receptors in the skin, and deep pressure
is sensed by receptors in fasciae and internal organs. Kinesthesis, which is
the knowledge of where your limbs are located in space, as well as the
awareness of whether your joints are folded. straightened, stressed, or
comfortable, is sensed mostly by receptors in joints. If you lift up in a
posture such as the prone boat and support your weight only on the
abdomen, you can feel all three aspects of touch—eontact of the skin with
the floor, deep pressure in the abdomen, and awareness of extension in the
spine and extremities.

Touch receptors adapt even more ra idly than receptors in the vestibular
system, which means that they stop sending signals to the central nervous
system after a few seconds of stillness. That’s why holding hands with someone

-
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gets boring in the absence of oceasional squeezing and stroking. Without
movernent,‘ the awareness of touch disappears. Rapid adaptation to touch is
extremely important in hatha yoga postures, relaxation, and meditation. If
your pc‘osture is stable, the receptors for touch stop sending signals back- to
the brain and you are able to focus your attention inward, but as soon as you
move the signals return and disturb your state of silence.

TOUCH AND THE GATE THEORY OF PAIN

If you bump your shin against something hard, rubbing the injured region
alleviates the pain, and if your knee hurts from sitting for a long time in a
cross-legged posture, the natural response is to massage the region that is
hurting. There is a neurological basis for this—the gate theory of pain
according to which the application of deep touch and pressure closes a “gate’:
to block the synaptic transmission of pain in the spinal cord. Although it has
not been possible to substantiate this theory as it was initially proposed, we
all knov:v experientially that somehow it works. So even though ,the
me‘:chamsm is still uncertain, the general idea is widely accepted as self-
evident—somewhere between the spinal cord and the cerebral cortex
tm‘lch and pressure pathways intersect with the ascending pathways f01:
pain and either block or minimize its perception.

We use this 1'3rinciple constantly in hatha yoga. To illustrate, interlock
your hands behind your back and press the palms together. Pull them to
the rear so they do not come in contact with the back, and come into a
Eif.:roard bend. If you are not warmed up you may notice that you feel mild

_ mfort from the stretch. Now come up, press the forearms firml
against th(? back on either side of the spine, and come forward again. Thz
:E:t;:i t::]l be startling. Tht‘a sensation of deep touch and pressure against

_ uscles stops the discomfort immediately.

ha:l:aﬂ:: goc.ad or bad? That is a vital question, and one of the challenges of
. ga 15 to learn how far this principle can safely be taken. If
Underestimate the importance of the signals of pai ! Lt
B o s gnals of pain, a.nd diminish that
E e i 31;1 pressure, you may injure joints and tissues.
B yourself, y‘c;u Il never progress. The answer, unfortunately,

ay not know if you have gone too far until the next morning.

If you are sore you know you misjudged.
CONNECTIVE TISSUE CONSTRAINTS

L - are ma(%e UH of four primary tissues: epithelium, muscle, nervous
tissue, connective tissue. Epithelia form coverings, linings, and most of

e ) l‘nal organs. Muscle is responsible for movement, and nervous tissue
i ponsible for communication. That leaves connective tissue—the one

binds all the others together. If you were able to remove all the
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connective tissue from the body, what was left would flatten down on the
floor like a hairy, lumpy pancake. You would have no bones, cartilage,
joints, fat, or blood. and nothing would be left of your skin except the
epidermis, hair, and sweat glands. Muscles and nerves, without connective
tissue, would have the consistency of mush. Internal organs would fail
apart.

To understand epithelia, muscle, and nervous tissue we have to under-
stand their cells, because it is the cells that are responsible for what the
tissue does. Connective tissues are a different matter. With the exception
of fat, the one connective tissue that is made up almost entirely of cells, it
is the extracellular (outside of cells) substance in each connective tissue
that gives it its essential character. The extracellular materials impart
hardness to bone, resilience to cartilage, strength to tendons and fasciae,
and liguidity to blood. And yet the extracellular components of connective
tissues are entirely passive. Trying to relax a ligament or release fasciae
with our power of will would be like trying to relax leather.

So are the connective tissues alive? Yes and no, Yes, in that living cells
in the various connective tissues manufacture its extracellular components
and organize the tissue. Also yes, in that the extracellular space in connective
tissue is teeming with electrical activity. But no, in that the extracellular
materials are nonliving. And one more no, in that the only way we can
access them is through the agency of living cells. Only through neurons
and their commands to muscle cells can we release tension in a tendon.
execute weight-bearing activities that add bone salts to bone, and stimulate
the laying down of additional connective tissue fibers in tendons and fasciae.
And only with cells derived from epithelial tissues can we accomplish the
absorption, manu facturing, and eliminatory functions that are needed for
supporting the tissues of the body in general. In the end, our aim of molding
and shaping the extracellular components of our connective tissues carn
only be accomplished indirectly.

The fact that the various connective tissues are so unlike one another is
a reflection of the fact that their extracellular materials are diametrically
different. Bone contains bone galts; tendons, ligaments, and fasciae contain
dense accumulations of ropy fibers; loose connective tissue contains loose
accumulations of the same fibers; elastic connective tissue contains elastic
fibers; and blood contains plasma. So we can’t work with connective tissues

in general; we have to envision and work with each one individually.
Connective tissues not only give us shape, they also restrain activity. Bone
butting against bone brings motion to a dead stop. Cartilage constrains
motion, but more softly than bone. Ligaments constrain movements according
to their architectural arrangements around joints. Sheets of fasciae, which are
essentially layers of connective tissue, enclose and organize muscles and nerves,
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sometimes more restrictively than we would like. Finally, loose connective tissue

helps bond the entire body together, constraining movement between fasciae and
skin, adjacent muscle groups, and internal organs.

BONY CONSTRAINTS

Ligaments, muscles, and the joint capsule itself all aid in holding the elbow
joint together, but underlying these supports, bony constraints ultimatel
limit both flexion and extension. Flexion is limited when the head of th};
radius and the coronoid process of the uina are stopped in the redial and
coronoid fossae in the lower end of the humerus, and extension is stopped
when l';he hooked upper end of the ulna—the olecranon process—comes to
a stop ¥n a matching olecranon fossa in the humerus. Even though thin layers
of cartilage soften the contact between the radius and ulna in relation to the
humerus, the architectural plan limits flexion and extension as certainly as
doorstops and provide us with clear examples of bony constraints to move-
ment. It is not something we would want to alter (fig. 1.10).

In the spine we see another example of how one bone butting up against
another limits movement. The lumbar spine can extend and flex freely, but
ma'a.tching surfaces of the movable intervertebral joints in this regiojr(: are
oriented vertically in a front-to-back plane that severely limits twisting
(fig. l.'ll). Because of this, almost all the twisting in a spinal twist takes
place in the neck and chest, where the matching surfaces of comparable
Joints are oriented more propitiously (chapters 4 and 7). As with the elbow,
pie would not want to alter this design. If the lumbar region, isolated as ii,:
;-z:weta\:deen the pelvis anc? chest, could twist markedly in addition to bending

and backward, it would be hopelessly unstable.

CARTILAGINOUS CONSTRAINTS

_g;liig:ﬁi :::l consnsbenc_y of rubber or soft plastic, It gives shape to the
e ears, ancl‘ it fm;ms .a cusljlinning layer at the ends of long
i lz:o:‘;jcern in this discussion, however, is not with these
i e vert:bj:};ln:;; ;;:lsle::- symphyses;-the intervertebral disks
" ; . 1gs. 1.11, 4.10b. 4.1, and 4.13b)

:131 t:; S:;f;c a?rtl:phys:s between I;h.e two pubic bones (figs. I.lt. ;nd‘ ?SZ)WEAIE
s mbberm E:{ sgrmphyses restrict movement, something like soft but
- e ;g]a;s ets g!;ed between b]ocks.of wood that allow a little move-
B - hp;lpage. f0 that enc.l the pubic symphysis is secure enough to
. b ves ? Fhe pfelﬂc bowl together in front and yet permit
Postura] ts and deviations; intervertebral disks bind adjacent vertebrae

together tigh
Oget tly and i -
g ghtly yet permit the vertebral column as a whole to bend
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medial view of right elbow joint

radius \

humerus

ulnar collateral

ligament, two
bands
ulna —
olecranon process
right disarticulated elbow left
humerus joints, front views hurrliems
coronoid
fossae .
radial radial
fossa ulnar fossa

collateral
ligaments

olecranon A
radial

{ce::clillgtieral - = ) collateral
ligament / 1 ligament

processes

right left
ulna uina

——— humerus

— —  olecranon fossa

coronoid fossa
olecranon process

coronoid process ——

i i i i joint capsule
1.10. Bony stops for elbow flexion and extension, with the joint ¢
Fli%ttjt:‘rged above, }érnnlpviews of the disarticulated right and left elbow joints
shown in the middle, and a longitudinal cut through the ioinll and two of its
shown below. Extension is stopped where the olecranon process
ol and flexion is stopped where the head of the radius

ainst its fossa, h _
l;:ll:zltscgfoz%id process butt up against the radial and coronoid fossae (Sappey).
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TENDONS AND LIGAMENTS

By definition, fendons connect muscles to bones, and ligaments connect bone
to bone. They are both made up of tough, ropy, densely packed, inelastic
connective tissue fibers, with only a few cells interspersed between large
packets of fibers. Microscopically, tendons and ligaments are nearly identical,
although the fibers are not packed as regularly in ligaments as in tendons.
In a tendon the fibers extend from the belly of a muscle into the substance
of a bone, lending continuity and strength to the whole complex.
Ligaments hold adjoining bones together in joints throughout the body,
often permitting small gliding motions, and usually becoming taut at the
end of a joint’s range of motion.

Ligaments and tendons can accommodate no more than about a 4%
increase in length during stretching, after which tearing begins. This can
be a serious problem. Because the extracellular connective tissue fibers in
tendons and ligaments depend only on a few scattered living cells for repair
and replacement, and because the tissue is so poorly supplied with blood
vessels, injuries are slow to heal. The most common of these is lendinitis,
which is caused by tears in the fibers at the interface between tendon and

transverse processes superior articulating spinous ess of L1 inferior
of L1 process of L1 articulating
\)\ - process of
N — &3 L1 (nght
e Y54 side)

superior
articulating
process of
L2 (right
side)

rear view

~ of right

. transverse
A\ process of
L3

rear view
of spinous
process of
L4

VLgrtebrsl body of inferior articulating spatial orientation of articulating
from the front process of L5 processes prevents lumbar twisting

Figure 1.11. Lumbar vertebrae from the front, side, and behind. The vertical
Nt-to-back orientation of the articulating processes and their joint surfaces

rtmn_des a bony stop that prevents lumbar twisting, Spaces that represent the

Ocation for the intervertebral disk between L2 and L3 are indicated by arrows

(Sappey).
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bone. If someone keeps abusing this interface with repetitive stress,
whether typing at a computer keyboard, swinging a tennis racket. or trying
compulsively to do a stressful hatha yoga posture, the injury can take a
year to heal, or even longer.

The main purpose of ligaments is to restrain movable joints, and this
becomes a major concern in hatha yoga when we want to stretch to our
maximum. We might at first think of loosening them up and stretching
them out so they do not place so many restraints on hatha postures. But
ligaments don’t spring back when stretched and lengthened (at least not
beyond their 4% maximum), and if we persist in trying to stretch them
beyond their limits we often do more harm than good. Once lengthened
they become slack, and the joints they protect are prone to dislocation and
injury. Ligaments have their purpose; let them be. To improve ranges of
motion and flexibility, it is better to concentrate on lengthening muscles.

JOINT CAPSULES

Joint capsules are connective tissue encasements that surround the work-
ing surtaces of the class of joints known as synovial joints, including hinge
joints, pivot joints, and ball-and-socket joints. Joint capsules for synovial

right left
pubic pubic
bone bone

right
ischium

inferior pubic rami

ischial tuberosities (sitting bones)

Figure 1.12. Pubic symphysis shown where it joins the two sides of the pelvis.
This enlargement of the two pubic bones and ischia (front view) is taken from

fig. 3.2, which shows the entire pelvis in perspective (Sappey)-
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joints have several roles: they provide a container for the slippery synovial
fluid that lubricates the mating surfaces of the opposing bones; they house
the synovial membrane that secretes the synovial fluid; they provide a
gough covering of tissue into which ligaments and tendons can insert; and
of special interest to us here, they and their associated ligaments provide
about half the total resistance to movement.

The shoulder joint reveals an excellent example of a joint capsule. Like
the hip joint, the shoulder joint is a ball and socket—the ball being the head
of the humerus and the socket being the glenoid cavity of the scapula (fig.
1.13). The joint capsule surrounds the entire complex and accommodates
tendons that pass through or blend into the joint capsule, as well as ligaments
that reinforce it on the outside. To feel how it restricts movement, raise
your arm overhead and pull it to the rear as far as possible: within the
shoulder you can feel the joint capsule and its ligaments tightening up.

EXTENSILE LIGAMENTS

Extensile ligaments are not really ligaments; they are skeletal muscles held
at relatively static lengths by motor neurons firing a continuous train of
nerve impulses. They have greater elasticity than connective tissue ligaments
becfause of their muscular nature, but other than that they function to
fna.mtain our posture like ordinary ligaments. What they don’t do, by definition,
move joints through their full range of motion, which is what we usually
Pfxpect from skeletal muscles. According to the conventional definition, extensile
]lga..met:ltz? are mostly postural muscles in the torso, but it is arguable that for
maintaining a stable meditation posture, every muscle in the body (excepting
the muscles of respiration) becomes an extensile ligament.

Unlike‘connective tissue ligaments, the length of extensile ligaments
::n be adjusted a:ccnrding to the number of nerve impulses impinging on
" e mus?le. And since every muscle associated with the torso and vertebral
Qolumn is represented on both sides of the body, the matching museles in
EBCE p'j.-ur should receive the same number of nerve impulses per second on
::mbizde., at least in any s.tatic, bilaterally symmetrical posture. If that
kmgthr is unequal, .the paired muscles will develop chronically unequal
budy Iit}i;at:l :e!:.;u]t, 1:}: ‘repercgésio?s throyglmut the central axis of the
L snurceyofi;gh t]_Sl ;:;;nr:illtlon is espmlauy noticeable because it is the

llmax_ 3'. usculoskeletal imbalances.
butA:lhE;ly unml?jl::ces_jln be s!aotted tl.lroughout the torso and vertebral column,
i ;:c;s z ;ﬂt;(%e]:abll’(; in the neck, \a.ther? the tiny suboccipital
o 2 ; ens? e 1gam_ents to Ipamtan? head position (fig.
‘ your head is chronically twisted or tipped slightly to one side, it
@fl.v mean that you have held the matching muscles on the two sideq’ at
Unequal lengths over a long period of time. Motor neurons have her.-c.)me
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Figure 1.13. Disarticulated right shoulder joint as viewed from the front (top
image); right shoulder joint with its capsule, also from the front (middle image);
and right shoulder joint with its capsule as viewed from behind (bottom |magtf)-
Envision the chest as being located in front of the scapula and to the observer’s
right in the top two images (the surface of the scapula shown here faces the
back of the chest). In the bottom image, envision the back of the scapula as
being located to the observer’s left; except for being a much deeper and more
confined dissection, this view is similar to the one shown in figure 1.1. Asterisks
indicate stabilizing ligaments, and arrows indicate rotator cuff tendons (Sappey).
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habituated to long-established firing patterns, the bellies of the muscles
themselves have become shorter on one side and longer on the other, and
the connective tissue fibers within and surrounding the muscle have
adjusted to the unequal lengths of the muscle fibers. Correcting such
imbalances requires years of unrelenting effort; neither the bellies of the
muscles or their connective tissue fibers can be lengthened or shortened

quickly.

FASCIAE
EA LIRS

Fasciae are sheets of connective tissue that give architectural support for
tissues and organs throughout the body, holding everything together and
providing for a stable infrastructure. They are crudely like leather gloves
that form a boundary around your hands. Underneath the skin and
subcutaneous connective tissue, fasciae organize and unify groups of
muscles, individual muscles, and groups of muscle fibers within each
musele. They form a tough envelope around all the body cavities, and they
surround the heart with a heavy connective tissue sack—the fibrous
pericardium. We have superficial fascia just underneath the skin, and deep
fasciae overlying muscle groups. The singular and plural terms are almost
interchangeable—we can say deep fascia of the back, fascia of the body, or
fasciae of the body.

Fascia is flexible if we keep moving, stretching, and breathing, but if we
allow any part of the body to remain immobile, its fasciae become less flexible
and eventually restrict our movements, like gloves that fit so tightly that you
can’t bend your fingers.

LOOSE CONNECTIVE TISSUE AND GROUND SUBSTANCE

Loose connective tissue is composed of ground substance, scattered fibers,
and cells. It fills in the spaces between the three primary tissues that are
mostly cellular—muscle, epithelia, and nervous tissue—and between all
the other connective tissues, including bone and cartilage, blood and
lymph, tendons and ligaments, joints and joint capsules, fasciae, fat, and
Iymphatic tissue. But loose connective tissue is more than a filler. Its
ground substance is crudely comparable to glycerine—it lubricates and
35*?_1100thes movement throughout the body. The ground substance permits
_‘q‘Ppﬂge of adjacent structures as well as slippage of individual connective
tissue fibers relative to one another in tendons and ligaments. Were it not
for the connective tissue fibers and their submicrosecopic attachments to
Musecle fibers, nerve fibers, and epithelia, ground substance would let
&verything slip and slide apart. This would be as unwelcome—by itself—as
an oil spill on an icy road.

‘Ground substance is normally fluid, but it congeals and loses moisture
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if the surrounding tissues are inactive. And as it loses moisture it loses its
lubricating properties. The entire body tightens down. Tendons, ligaments,
and joint capsules become brittle, muscles lose much of their elasticity and
ability to function smoothly, and the tissues become susceptible to injury.
These reversals are the main reasons for morning stiffness, and they are a
compelling argument for beginning every day with a session of hatha yoga.
To rehydrate the ground substance a short, lazy practice is not as effective
as a long and vigorous one, and you get what you pay for. The benefit is
well-being; the payment is work and stretch.

STRETCHING

If you ask most people what it takes to lift a barbell overhead they will say
muscles, bones, and joints. If you ask them what is needed for running a
marathon they will say heart, lungs, and legs. And if you ask them what is
required for dance or gymnastic performance they will say strength, grace,
and agility. But if you ask them what is most important for increasing
flexibility they will probably just give you a blank look. And yet those of
us who practice hatha yoga know that improving flexibility is one of our
greatest challenges. Even the simplest postures are difficult when one is
stiff, and that is why instructors are always encouraging us to stretch. But
what exactly do they mean?

Given what we have discussed so far, we know that we should be wary
of increasing flexibility by trying to free up bony stops or loosening up
cartilaginous restraints, joint capsules, tendons, and ligaments. What we
can do is lengthen nerves and the bellies of muscles, the two kinds of
extendable anatomical structures that run lengthwise through limbs and
across joints.

THE BELLIES OF MUSCLES

Muscles have to be lengthened only a little to permit a respectable improve-
ment in a joint’s range of motion. But when we are stretching them and
looking for long-term results, are we dealing with their individual muscle
fibers or with their associated connective tissue fibers? The answer is both.
The individual musele fibers within a muscle can grow in length by the
addition of little contractile units called sarcomeres. We know this from
studies of muscles that have been held in casts in stretched positions. And
by the same token, if a muscle is held by a cast in a foreshortened state,
sarcomeres are lost and the muscle fibers become shorter.

It is not enough to increase the length of muscle fibers alone. A match-
ing expansion of the connective tissue within and around the muscle is also
needed, including the overlying fascia, the connective tissue that surrounds
packets of muscle fibers, and the wrappings of individual fibers. And this is
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what happens during programs of prolonged stretching. The connective
tissue gradually follows the lead of the muscle fibers, the muscle as a whole
gets longer, and flexibility is improved. Hatha yoga stretches are a safe and
effective way to bring this about. And in the occasional cases when we want
to tighten everything down. all we have to do is stop stretching so much
and concentrate on repetitive movements and short ranges of motion. The
muscle fibers will quickly get shorter, and the connective tissues will soon
follow suit.

NERVES

The issue of peripheral nerves is another matter. Nerves are sensitive to
stretch but are not robust enough to limit it; they can accommodate to
stretch only because they don’t take a straight course through the tissues
that surround them and because their individual nerve fibers meander
back and forth within the connective tissue ensheathments of the nerve
itself. During the course of stretching a limb, the gross path of a nerve
through the surrounding tissues is first straightened, and as the stretch
continues, the serpentine course of the individual fibers within the nerve
is also straightened. And even after that, the enveloping connective tissue
has enough elasticity to accommodate about 10-15% additional stretch
without damaging the nerve fibers.

Without their connective tissue ensheathments nerves would be hope-
lessly vulnerable, not only to stretch but also to trauma and compression
among tense muscles, bones, and ligaments. The protection is not fail-safe,
however, because in extreme cases these ensheathments can accommodate
to even more stretch than the 10-15% that is safe for their enclosed nerve
ﬁbers The early warning signs are numbness, sensitivity, and tingling, and
if these are ignored, sensory and motor deficits may develop. Your best
Protection is awareness and patience—awareness of why nerve stretch is a
Potential problem and the patience to work slowly when and if mild symptoms
emerge. If nerve pain keeps turning up chronically, seek professional help.

IN THE LAST ANALYSIS

Re&earch has shown beyond question that the length of muscle fibers can
bE lnc‘reased as a result of prolonged stretching, or decreased as a result of
¢hronic foreshortening. It is also clear that the connective tissue ensheath-
ments of either muscles or nerves can be stretched too much. But there is
i@ﬂt-l'ler factor in the equation: the nervous system plays a pivotal role in
ﬂﬁuﬂng muscles to either relax or tighten up, and this either permits stretch
'31‘ limits it, So is it the active role of the nervous system or the passive role of
ﬁll? connective tissues that ultimately restrains movement? Sinece nerve
keep stimulating muscle cells during ordinary activities, there is
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only one way to find out for certain: to check someone’s range of motion
when they are under deep anesthesia, when the nervous system is not
stimulating any skeletal muscle cells except those needed for respiration.

This has been done, inadvertently but many times. Any operating room
attendant can tell you that when patients are anesthetized, their muscles
become so loose that care has to be taken not to dislocate the joints, and
this will happen even if the patient is extremely stiff in waking life. So why
can’t therapists take advantage of anesthesia-induced flexibility to increase
the range of motion around joints? The answer is that without the protection
of the nervous system the tissues tear—muscle fibers, connective
tissue fibers, and nerves. And this proves that even though connective
tissues provide the outermost limits to stretch, it is the nervous system
that provides the practical limits in day-to-day life. When we have reached
those limits the nervous system warns us through pain, trembling, or
simply weakness that we are going too far, and most important, it warns us
before the tissues are torn.

THREE POSTURES

Three hatha yoga postures illustrate the principles of movement we have
been discussing. They are all simple to analyze and study because they
exhibit bilateral symmetry, in which the two sides of the body are identical
in structure and perform identical movements. Each one presents different
challenges. We'll begin with the corpse posture.

THE CORPSE POSTURE

The corpse posture reveals several common problems that arise when people
try to relax. Lie supine on a padded surface with the knees straight, the feet
apart, the hands out from the thighs, and the palms up. Relax completely,
allowing your body to rest on the floor under the influence of gravity (fig. 1.14).
When you first lie down most of the motor neurons that innervate the skeletal
muscles are still firing nerve impulses, but your breathing gradually
becomes even and regular, and the number of nerve impulses per second to
your muscles starts to drop. If you are an expert in relaxation, within a
minute or two the number of nerve impulses to the muscles of your hands
and toes goes to zero. Then, within five minutes the motor neuronal input
to the muscles of your forearms, arms, legs, and thighs diminishes and also
approaches zero. The rhythmical movement of the respiratory diaphragm
lulls you into even deeper relaxation, finally minimizing the nerve impulses to
the deep postural muscles of the torso. The connective tissues are not
restraining you. Pain is not registered from any part of the body—the posture
is entirely comfortable. This is an ideal relaxation.

In the early stages of practice any number of problems can interfere
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with the ideal. First, let’s say you hurt your right shoulder playing basket-
ball earlier in the day. Tension in that region is still high and stands out
painfully in contrast to the relaxation in the rest of the limb and on the
other side. In addition, you have an old back injury and the muscles around
the vertebral column are holding it in a state of tension. You would like to
lift your knees to relieve the stress, but you do not wish to seem unsporting.
So you override the impulses of the flexion reflexes and continue to suffer
with your knees straight.

This is absurd. All problems in the body tattle on themselves in one way
or another, and you cannot relax your body because it is rebelling. You
would not be in so much pain if you were walking around the block because
the movement would keep you from noticing it, but when you try to relax
you are aware of nothing else. The posture becomes increasingly irritating,
and your mind, far from being still, is oscillating between awareness of the
discomfort and longing for escape. If your instructor holds you in this pose
for more than a minute or two you are in the wrong class. You are not yet
ready for this work. You need to heal, move, and stretch—mnot lie still.

Those who are uncomfortable can sometimes improve the situation by
simply moving into partially flexed positions—bending the knees, placing
the hands on the chest, and supporting the head with a thick pillow. For
restful sleep, it is not surprising that most people lie on their sides and curl
up in an attitude of flexion.

THE PRONE BOAT

The prone boat posture demonstrates the simplest kind of movement
against gravity. To experience this lie face down on the floor. Stretch your
arms toward the feet, straight out to the sides, or overhead, as you prefer.
Raise the arms, thighs, and head away from the floor all at once, keeping
the knees and elbows extended (fig. 1.15). You are lifting into the posture
with the muscles on the posterior (back) side of the body. The neck, back,
hamstring, and calf muscles are all shortening concentrically and drawing
the body up in an arc.

Figure 1.14. The corpse posture, for whole-body relaxation.
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Although by most standards the prone boat is an easy posture, especially
with the hands alongside the thighs, it can be challenging if you are in poor
physical condition. A set of muscles is being used which is rarely exercised
as a group in daily life, and if you keep your elbows and knees extended you
may not be able to lift your hands and feet more than an inch or so off the
floor. The combination of inflexibility and unfamiliarity keeps the antagonist
muscles on the anterior (front) side of the body active, and this in turn
restrains the lift. Whole-body extension is the essence of the prone boat,
but the pull of gravity, lack of strength posteriorly, muscular resistance
anteriorly, an abundance of flexion reflexes, and various connective tissue
restrictions in the spine may all limit you. For beginners the activity of the
nervous system is the main impediment to the posture.

Fascia is the main obstacle for intermediate students. The nervous
system is commanding the posterior muscles to contract strongly and the
anterior muscles to relax, but connective tissues and the design of the
joints prevent marked extension. With time and practice the anterior
muscles will relax and permit a full stretch. Finally, advanced students
confidently lift to their maximum and play with the edges of neuronal
control, tugging on their connective tissues with an educated awareness
while at the same time keeping the breath even and regular without straining

or faltering.

THE HAMSTRINGS-QUADRICEPS THIGH PULL

This standing forward bend demonstrates the interactions among agonist
muscles, their antagonists, gravity, and the clasp knife reflex. Stand with
the feet about 12 inches apart. Flexing the knees as necessary, bend forward
and press the torso tightly against the thighs, which keeps the back rela-
tively straight and prevents strain. Now, holding the chest and abdomen
firmly in place, try to straighten the knee joint. The quadriceps femoris
muscles on the front of the thighs try to accomplish this, and the hamstring

& - - \ .
i ] ‘-.
e iy
4 y
T ;

Figure 1.15. The prone boat. As you lift up into the posture, muscles on the back

side of the body shorten concentrically; as you slowly lower yourself down,
they lengthen eccentrically. Tension in muscles and connective tissues on the

front side of the body increases as you lift up and decreases as you come down.
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muscles on the back side of the thighs resist, but you can undercut the
hamstring resistance by activating their clasp knife reflexes. Just massage
the musculotendinous junctions of the hamstring muscles behind the knee
Joints while you are trying to press your hips up (fig. 1.16).

At this point the quadriceps femoris muscles are shortening concentrically,
straightening the knees, and raising the body up against the force of gravity.
At the same time the hamstring muscles, which are antagonists to the
quadriceps, are actively even though unconsciously resisting. If you are in
good condition your nervous system allows you to press upward to your
personal maximum, but if you have recently hurt your knee or sprained
your ankle, flexion reflexes responding to pain will limit you. As you press
up you are making an isotonic movement. If you go to your maximum but
then keep pressing, you are exercising isometrically.

If you were to bounce, which we do not want here, you would stretch the
muscle spindles dynamically and stimulate the myotatic stretch reflexes. If you
move slowly, you will be stimulating the Golgi tendon organs and eliciting the
clasp knife reflex in both the quadriceps femoris and the hamstring muscles.
Although this will tend to relax both sets of muscles, the focus of your will is
to straighten the knee joint, with the result that the higher centers of the brain
override the reflex in the quadriceps femori and allow it fuller rein in the
hamstrings. Neurological circuits for reciprocal innervation also probably
inhibit the motor neurons whose axons innervate the hamstring muscles.

The main resistance to lifting up comes from the hamstrings. If you are
an advanced student and not feeling any trace of joint pain, you can try to
relax the hamstrings and extend the knee joints more completely,
contracting the quadriceps as much as your strength and health permit.
This posture is different from the prone boat, in that your attention is
more restricted. In the prone boat you are trying to relax the entire front
side of the body; here you are trying to relax only the hamstrings.

Figure 1.16. Standing hamstrings-
Quadriceps thigh pull. The first priority
is placing the torso solidly against the
thighs in order to protect the lower
back. Under those circumstances,
trying to lift the hips forceably in
combination with massaging the Golgi
tendon organs in the hamstring
tendons encourages deep relaxation
and eventual lengthening of the
hamstring muscles (simulation).

hamstring
muscles
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If you are relatively healthy, as you reach the limits of nervous system
control, the fasciae begin to play an important role in limiting your efforts
to straighten the knees and raise up. You reach a point at which the connective
tissue fibers within and surrounding the hamstring muscles will not allow any
more lifting. They are now like wires pulled taut, stretched to their limit. The
only way to get more length in the system is to patiently lengthen the muscles
and nerves with a long-term program of prolonged stretches.

PUTTING IT ALL TOGETHER

We have covered a great deal of territory in this chapter, but in so doing we
have laid the foundation for everything that is to come. To sum it up:
sensory input to the brain and the power of will both ultimately influence
the motor neurons, which in turn preside over the actions of the musculo-
skeletal system. The reflexes are in the background and out of our immediate
awareness, but without them we would be in dire straits. Without the
stretch reflexes our movements would be jerky and uncertain, like film
portrayals of Frankenstein’s monster. And without pain receptors and
flexion reflexes we would soon be a battleground of burns and injuries.
Without the reflexes from our vestibular system we would teeter about,
uncertain of our balance and orientation. Without sensation from touch
and pressure pathways we would lose most of the sensory input that gives
us pleasure—and along with its loss, its guidance. In the end. the nervous
system drives the musculoskeletal system, and these two in combination
maintain and sculpt connective tissues, which in turn passively restrict
movement and posture. All of this takes place within the field of gravity
under the auspices of will and creates the practice of hatha yoga.
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l%:gls knew nothing of physiology, at least in terms that would have been
elpful to 17th and 18th century European scientists and physicians like

A i
ohn Mayow, but for a long time they have made extraordinary claims

:E:Ut the vlalue of studying the breath. They say flatly, for example, that
mm:::;ath is thfé li]jlk between the mind and the body, and that if w‘e can

i ou.r respiration we can control every aspect of our being. This is the
€ndpoint, they tell us, that begins with simple hatha yoga breathing exercises.

Lvery aspect of our being? That’s a lot, by any standard. No matter: even

tlI'l =
tihziﬁh such co‘mments may stimulate our curiosity, their pursuit is outside
¢ scope of this book. Our objective here is to pursue studies in breathing

I:;";:rssas they can be tfzsted_objectively and experientially, and then to
mrre 1m;({)]me ‘Df the relat.lon:ahlps Petween yoga and respiration that can be
B with mlljder‘n biomedical science: how different patterns of
. ng :?ffect us in different ways, why this is so, and what we can lear
rom practice and observation. ’

| _.I_E‘eathing usually operates at the edge of our awareness, but will and
YOlition are always at our disposal. Just as we can choose how many times
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to chew a bite of food or adjust our stride when we are walking up a hill, so
can we choose the manner in which we breathe. Most of the time, however,
we run on “automatic,” allowing input from internal organs to manage the
rate and depth of our breathing. Yogis emphasize choice. They have discovered
the value of regulating respiration consciously, of breathing evenly and
diaphragmatically, of hyperventilating for specific purposes, and of suspending
the breath at will. But even though these aims might seem laudable, readers
should be made aware that the classical literature of hatha yoga generally
warns students against experimenting intemperately with breathing exercises.
Verse 15 of Chapter 2 of the Hatha Yoga Pradipika is typical: ‘Just as lions,
elephants, and tigers are gradually controlled, so the prana is controlled
through practice. Otherwise the practitioner is destroyed.” This sounds like
the voice of experience, and we ought not dismiss it casually. We'll revisit
the issue of temperance at the end of the chapter after having examined
the anatomy and physiology of respiration. There are reasons for caution.

To understand the benefits of controlled breathing we must proceed step
by step, beginning with a lock at the overall design of the respiratory
system, and then at the way skeletal muscles draw air into the lungs. Next
we'll see how breathing affects posture and how posture affects breathing.
After that we'll explore how the two major divisions of the nervous
system—somatic and autonomic—interact to influence breathing. Then
we’ll turn to the physiology of respiration and examine how lung volumes
and blood gases are altered in various breathing exercises. That will point
us toward the mechanisms by which respiration is regulated automatically
and at how we can learn to override those mechanisms when we want to.
Finally we'll examine four different kinds of breathing—thoracic, paradoxical,
abdominal, and diaphragmatic—and the relationships of each to yoga
breathing practices. At the end of the chapter we'll return to the issue of
moderation in planning a practice.

THE DESIGN OF THE RESPIRATORY SYSTEM

Every cell in the body needs to breathe —taking up oxygen, burning fuel.
generating energy, and giving off carbon dioxide. This process, known as
cellular respiration, depends on an exchange—moving oxygen all the way
from the atmosphere to lungs, to blood, and to cells, and at the same time
moving carbon dioxide from cells to blood, to lungs, to atmosphere. The
body accomplishes this exchange in two steps. For step one we draw air into
the lungs, where il comes in contact with a large wet surface area—the
collective hundred million alveoli—into which oxygen can dissolve and
from which carbon dioxide can be eliminated. For step two oxygen travels
in the pulmonary circulation from the lungs to the heart and in the
systemic circulation from the heart to the cells of the body. Carbon dioxide

2. BREATHING 69

f:ravels in the opposite direction, first from the cells of the body to the heart
in the systemic circulation, and then from the heart to the lungs in the
pulmonary circulation (fig. 2.1 and chapter 8).

Everything about the respiratory system is accessory to the movement
of oxygen and carbon dioxide. Airways lead from the nose and mouth into
the lungs (fig. 2.2). Air is pulled backward in the nose past the hard and
soft palates, where it makes a 90° turn and enters a funnel-shaped region,
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the pharynx. From there it continues downward into the larynx, which is the
organ for phonation and whose vocal cords vibrate to create sound._Below the
larynx air passes into the trachea, the right and left primary bronchi, and then
into the two lungs, each of which contains 10 bronchopulmonary segments that
are served individually by secondary bronchi. The secondary bronchi in turn
divide into tertiary bronchi and smaller subdivisions (bronchioles) that collec-
tively compose the bronchial tree (fig. 2.3). The terminal bmnchioleg of j;he
bronchial tree in turn open into the tiny alveoli, giving a microscopic view
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of the lungs the appearance of a delicate lacy network. The trachea and other
large tubes in the airways are held open by incomplete rings of cartilage, and
the alveoli remain open because a special surfactant on their walls limits
their expansion during the course of a full inhalation and yet prevents surface
tension from collapsing them during the course of a full exhalation.

The pharynx is a crossroads for the passage of air and food. Air passes
down and forward from the nasopharynx into the laryngopharynx and then
into the larynx and trachea. Food is chewed in the mouth, and from there
it is swallowed backward into the oropharynx and across the pathway for
air into the esophagus, which is located behind the trachea just in front of
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Figure 2.3. Isolated heart-lung preparation as viewed from behind. The aorta
and superior vena cava are not visible from this perspective. The bronchial tree
branches into right and left primary bronchi, 5 secondary bronchi (3 for the
right lung and 2 for the left), and 20 tertiary bronchi to the bronchopulmonary
segments (10 for each lung). Branches of the pulmonary arteries and veins are
likewise associated with each of the bronchopulmonary segments (Sappey).
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the vertebral column (fig. 2.2). The glottis, which is the narrowed aperture
in the larynx at the level of the vocal cords, closes when we swallow. You
can feel that happen if you initiate either an inhalation or an exhalation
and then swallow some saliva. You will find, no matter what part of the
breathing cycle you are in, that swallowing obstructs breathing. If it doesn’t,
food may “go down the wrong way,” as children put it, and we choke.

The lungs are mostly composed of air: 50% air after full exhalation and
80% air after full inhalation. If you slap the side of your chest you’ll hear a
hollow sound; contrast this with the lower-pitched liquidy sound that
comes from slapping your hand against your abdomen. A slippery mem-
brane that is itself impervious to air covers the lungs, which can in turn be
likened roughly to blown-up balloons that fill the rib cage, excepting that
the “balloons” are not tied off at their necks. So why don’t they deflate just
like loosed balloons that fly away? The answer is fundamental to the design
of the respiratory system. The lungs have an inherent elasticity, and they
remain inflated inside the rib cage only because they faithfully track
changes in the volume of the chest as it gets larger and smaller. How can
this be? Tt is because nothing lies between the outer surfaces of the lungs
and the chest wall except a potential space, the pleural cavity. This cavity
contains no air, only a vacuum which holds the lungs tightly against the
inner surface of the chest wall, along with a small amount of lubricating
fluid that permits the lungs to expand and contract as the chest expands
and contracts through the agency of the surrounding muscles of respiration
(figs. 2.4, 2.6, and 2.9).

TWO EMERGENCY SITUATIONS

Two emergency situations will put all this in perspective. First, if your rib
cage were penetrated on one side in a traumatic injury, air would rush into
the pleural cavity and cause the lung on that side to collapse. This is called
pneumothorax. How quickly it develops depends on the size of the injury.
With a large enough opening, the lung collapses almost like letting the air
out of the neck of a balloon, as might be surmised from Mayow’s astute
observations more than 300 years ago.

More perilously than pneumothorax for one lung, if both sides of the rib
cage are grossly penetrated, both lungs collapse to their minimum size and
shrink away from the chest wall. With the pleural cavities filled with air,

the muscles of respiration cannot get purchase on the external surfaces of

the lungs to create an inhalation, and unless someone holds your nose and
blows directly into your mouth to give you artificial respiration, you will die
in a few minutes.

[Technical note: There is one other alternative. If you were thinking fast enough
and not too distracted by the injury, you could balloon out your cheeks and quickly
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(two times per second) “swallow” air into your lungs 10-15 times for inhalation,
f:losing the glottis after each swallow. To exhale you simply open the glottis. For an
interesting exercise in awareness, and to feel for yourself how the lungs effortlessly
get smaller when you open your glottis to exhale, hold your nose and breathe this
way for 2-3 minutes. |

The remedy for pneumothorax in a hospital setting also illustrates the
architecture of the system. It’s simple, at least in principle. Tubes are
sealed into the openings of the chest wall, and the air is vacuumed out of
the pleural cavities. This pulls the external surfaces of the lungs against
the inner wall of the chest and upper surface of the diaphragm, and the
muscles of respiration can then operate on the inflated lungs in the usual
manner.

A second emergency situation involves an obstruction in the airway,
perhaps a big chunk of food that has dropped into the larynx instead of the
esophagus. If it is too big to get all the way through into the trachea, the
obstruction may get stuck in the larynx, block the airway, and prevent you
from breathing. In such cases the natural reaction for most people is to try
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to inhale more forcefully, but this will almost certainly reinforce rather
than relieve the obstruction. Trying to exhale may be more productive. Or
a second person, someone who knows first aid, could try the Heimlich
maneuver, pulling sharply in and up on the abdominal wall from behind to
create enough intra-abdominal and intra-thoracic pressure to force the
object from the laryngopharynx back into the oropharynx, where it can
either be coughed out externally or swallowed properly.

The emergency surgical remedy for a complete obstruction of the larynx
is a tracheotomy, making a midline incision between the larynx and the pit
of the throat, quickly separating the superficial muscles, and opening the
exposed trachea with another midline incision just below the thyroid gland.
This allows inhalation and exhalation to take place below the obstruction.

In the case of pneumothorax, when the chest wall has been penetrated
and the lungs are collapsed, the muscles of respiration can expand and con-
tract the chest, but the effort is all for nothing since the requisite contact
between the inner surface of the chest wall and the outer surface of the
lungs has been lost. It’s like a car stuck in the snow—the wheels turn but
they can’t move you forward. The second case is like a car with its drive
wheels immobilized in concrete—the blockage in the airway completely
frustrates the action of the muscles of respiration. In both situations we
are trying to pull air into the lungs by using our force of will but we are
unable to support our inner needs with our external efforts.

THE MUSCLES OF RESPIRATION

Inhalations can take place only as a result of muscular activity. Exhalations
are different: the lungs have the capacity to get smaller because their elasticity
keeps pulling them, along with the rib cage, to a smaller size. And as already
mentioned, the size of the lungs follows the size of the chest in lockstep: any-
thing that expands and contracts the chest also expands and contracts the
lungs, whether it is lifting or compressing the rib cage, lowering or raising
the dome of the respiratory diaphragm, releasing or pressing inward with
the abdominal muscles, or allowing the elasticity of the lungs to draw in
the chest wall.

The way in which the muscles of respiration accomplish breathing is
more complex than the relatively simple way a muscle creates movements
around a joint. Three main sets of muscles are active when you breathe
normally: the intercostal muscles, the abdominal muscles, and the respiratory
diaphragm. We'll start our discussion with the intercostal muscles.

THE INTERCOSTAL MUSCLES
When we breathe, and in particular when we emphasize chest breathing,
the short intercostal (between the ribs) muscles operate as a unit to expand
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and contract the chest (figs. 2.5 and 2.9). Two sets of these muscles, one
under the other, act on the rib cage. The external intercostal muscles run
between the ribs in the same direction as the most external sheet of abdominal
muscles (figs. 2.7, 2.9, 3.11-13, and 8.8); they lift and expand the rib cage for
inhalation, like the movement of an old-fashioned pump handle as it is lifted
up from its resting position. The infernal intercostal muscles run at right
angles to the external layer; they pull the ribs closer together as well as
down and in for exhalation (usually a forced exhalation). If you place your
hands on your chest with the fingers pointed down and medially (toward
the midline of the body), this approximates the orientation of the external
intercostal muscles, and if you place your hands on your chest with the fingers
pointing up and medially, this approximates the orientation of the internal
intercostal muscles (fig. 2.5). The external intercostal muscles do not
always act concentrically to lift the rib cage; during quiet breathing they
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also act isometrically to keep the rib cage from collapsing inward when the
respiratory diaphragm (see below) creates the vacuum that draws air into

the lungs.

THE ABDOMINAL MUSCLES

In breathing, the abdominal muscles (figs. 3.11-13, 8.8, 8.11, and 8.13-14)
function mainly in deep and forced exhalations, as when you try to blow up
a balloon in one breath. For that task the muscles shorten concentrically,
pressing the abdominal wall inward, which in turn pushes the abdominal
organs up against the relaxed (or relaxing) diaphragm. In combination
with the action of the internal intercostal muscles, this forcibly decreases
the size of the chest cavity and pushes air out of the lungs. You can also feel
the action of the abdominal muscles by pursing the lips and forcing the
breath out through the tiny opening. In yoga the abdominal muscles are
important for what yogis refer to as even breathing, and they are also key
elements for many breathing exercises.

THE ANATOMY OF THE DIAPHRAGM

Because the respiratory diaphragm is completely hidden inside the torso,
most people have only a rudimentary notion of what it looks like or how it
operates. The simplest way to describe it is to say that it is a domed sheet
of combined muscle and tendon that spans the entire torso and separates
the chest cavity from the abdominal cavity (figs. 2.6-9). Its rim is attached
to the base of the rib cage and to the lumbar spine in the rear.

The diaphragm is shaped like an umbrella, or an upside-down cup,
except that it is deeply indented to accommodate the vertebral column. It
consists of a central tendon, a costal portion, and a crural portion. The
central tendon forms the top surface of the dome, which floats there freely,
attached only to the muscle fibers of the costal and crural portions of the
diaphragm. It is thus the only “tendon” in the body which does not attach
directly to the skeleton. The largest part of the diaphragm is its costal
component, whose muscle fibers fan down from the central tendon and
attach all around to the lower rim of the rib cage (figs. 2.7-9). The crural
portion of the diaphragm consists of the right erus and left crus, which
attach to the forward arch of the lumbar spine (figs. 2.7-8). These are
separated from one another by the aorta as it passes from the thoracic
cavity into the abdominal cavity. The architecture of the diaphragm thus
permits it to move the central tendon of the dome, the base of the rib cage,
the lumbar spine, or any combination of the three.

You can note the site of the costal attachment of the diaphragm by hooking
your fingers under the rib cage and tracing its lower margin. It is high in front
where it attaches to the sternum, and lower where you trace it laterally (to the

r / ’/
right seventh rib, sk
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side), but you can't feel it behind because the deep back muscles are in the
way. You can also occasionally feel the region where the crura (plural form)
of the diaphragm attach to the lumbar vertebrae, especially in someone
slender who is lying flat on the floor, because the lumbar region sometimes
arches forward to within an inch or so of the surface of the abdominal wall.
This vividly illustrates how far forward the diaphragm can be indented by
the spinal column.

The diaphragm has to be one of the most interesting and complex muscles
in the body. Because it is a thin sheet, its shape bears the impressions of its
immediate surroundings—the rib cage, the heart and lungs, and the abdominal
organs, and it is dependent on the existence and anatomical arrangements of
these structures for its function. The diaphragm’s extensive relationship with
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the chest wall is a case in point. Even though the costal portion of the
diaphragm extends to the base of the rib cage, the lungs are never pulled
that far inferiorly (toward the feet), and for much of its area the costal
portion of the diaphragm is in direct contact with the inner surface of the
rib cage, with only the potential space of the pleural cavity separating the
two. This region into which the lungs never descend is called the zone of
apposition (fig. 2.9); without its slippery interfaces, the outer surface of the
diaphragm could not slide easily against the inner aspect of the rib cage,
and the dome of the diaphragm could not move up and down smoothly
when we breathe.
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THE FUNCTION OF THE DIAPHRAGM

To analyze the origins and insertions of a muscle that is shaped like an
indented umbrella is a bit daunting, but that is what we must do if we want
to understand how the diaphragm functions in breathing and posture.
We’ll begin with the simplest situation, which is found in supine postures.
Here the base of the rib cage and the lumbar spine act as fixed origins for
the diaphragm, and under those circumstances the central tendon has to
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act as the movable insertion. The dome of the “cup,” including the central
tendon, descends and flattens during inhalation, putting pressure on the
contents of the abdomen and creating a slight vacuum in the chest that
draws air into the lungs. By contrast, the dome of the diaphragm is drawn
upward during exhalation by the inherent elasticity of the lungs, and as
that happens air escapes into the atmosphere.

Whenever the chest and spine are fixed, as typically occurs during
relaxed breathing in a supine position, the top of the dome of the
diaphragm is pulled straight downward during inhalation, like a piston,
with the chest wall acting as the cylinder. During a supine inhalation the
fibers of the diaphragm shorten concentrically and pull the central tendon
inferiorly. During a supine exhalation its fibers lengthen eccentrically as
the central tendon is both pushed from below and pulled from above—
pushed by gravity acting on the abdominal organs and pulled by the elastic
recoil of the lungs. The abdominal wall remains relaxed. [t stretches ou
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do not descend even during the course of a maximum inhalation (Sappey).
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anteriorly (forward) as the dome of the diaphragm descends during
inhalation, and it moves back posteriorly (toward the back of the body) as
the diaphragm relaxes and rises during exhalation. Only in supine and
inverted postures do we see the diaphragm act with such purity of movement.
This kind of breathing is carried out in its entirety by the diaphragm,
but it is often referred to as abdominal breathing, or belly breathing,
because this is where movement can be seen and felt. It 1s also known as
deep diaphragmatic breathing in recognition of its effects in the lower
abdomen. Fmally, we can call it abdomino-diaphragmatic breathing to indicate
that the downward movement of the dome of the diaphragm not only draws
air into the lungs, it also pushes the lower abdominal wall anteriorly.
Another type of diaphragmatic breathing operates very differently.
Amazingly, its principal mechanical features were accurately described by
Galen (a first century Roman physician and the founder of experimental
physiology) almost two thousand years ago, even though his concept of why
we breathe was pure fantasy. During inhalation the primary action of this
type of breathing is not to enlarge the lungs by pulling the dome of the
diaphragm inferiorly, but to lift the base of the chest and expand it laterally,
posteriorly, and anteriorly. It works like this. If there is even mild tension in
the lower abdominal wall, that tension will impede the downward movement
of the dome of the diaphragm. And since the.abdominal organs cannot be
compressed, they can act only as a fulecrum, causing the diaphragm to
cantilever its costal site of attachment on the rib cage outwardly, spreading
the base of the rib cage to the front. to the rear, and to the sides, while at
the same time pulling air into the lower portions of the lungs. In contrast
to the pump handle analogy for intercostal breathing, diaphragmatic
breathing has been likened to lifting a bucket handle up and out from its
resting position alongside the bucket (see Anderson and Sovik’s Yoga,
Mastering the Basics for illustration and further explanation). Without the
resistance of the abdominal organs, the diaphragm cannot create this
result. The intercostal muscles serve to support the action of the
diaphragm, not so much to lift and enlarge the chest but to keep it from
collapsing during inhalation.
[Technical note: Precise language does not exist, at least in English, for describing
In 3 single word or phrase how the respiratory diaphragm operates to expand the
rib cage in diaphragmatic breathing. A “cantilever truss,” however, from eivil engi-
Deering, describes a horizontal truss supported in the middle and sustaining a load
at both ends, and this comes close. In the special case of the human torso. the
abdominal organs and intra-abdominal pressure provide horizontal support fu;' the

dome of the diaphragm, and the lift and outward expansion of the base of the rib
cage is a load sustained at the perimeter of the base of the rib cage |

The origins and insertions of the diaphragm for abdominal inhalations
are different than for diaphragmatic inhalations, and understanding the
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subtleties of these functional shifts will further clarify the differences
between the two types of breathing. For abdominal breathing in the corpse
and inverted postures, both the costal attachment to the rib cage and the
crural attachment to the spine act as stationary origins; the only part of the
diaphragm that can move (the insertion, by definition) is the central tendon
in the dome, which moves inferiorly during inhalation and superiorly
(toward the head) during exhalation. By contrast, for diaphragmatic
breathing, the central tendon is held static by the relative tautness of the
abdominal wall and serves mainly as a link between the spinal attachments
of the crura, which now act as the stationary origin, and the costal attachment
to the base of the rib cage, which now acts as the movable insertion.

To summarize, diaphragmatic breathing occasions an expansion of the ril
cage from its lower border. To differentiate it from abdomino-diaphragmatic
breathing, in which the rib cage remains static, we can call it thoraco
diaphragmatic breathing. Tt should be mentioned that the terms abdominal
breathing, belly breathing, deep diaphragmatic breathing, and diaphragmatic
breathing have all been in casual, although generally noncritical, use for
long time, but the terms “abdomino-diaphragmatic” and “thoraco-
diaphragmatic” have not appeared in the literature before now.

HOW BREATHING AFFECTS POSTURE

The way breathing affects posture and the way posture affects breathin:
will be continuing themes throughout the rest of this book. The importanc:
of these issues have long been recognized in yoga, but most commentarie
are vague and imprecise. Here I am aiming for simplicity: photographi
records of exhalations and inhalations, and superimpositions of computet
generated tracings of inhalations (since these are always larger) on the
exhalations. As seen in both this chapter and in chapters 3 and 5, suc’
images provide a source of raw data not only for how inhalations result i
movements of the chest and abdomen but also for how they affect the bod
from head to toe. The single most important key to understanding all suc
effects is the operation of the respiratory diaphragm, and to introduce th
subject, we’ll explore two exercises that will help you become aware of il
anatomy and understand two of its main roles in movement other tha

those for respiration itself.

A VARIATION OF THE COBRA

Lie face down on the floor and interlock your arms behind your back
grasping your forearms or elbows. Or you can simply place your hands 11

the standard cobra position alongside the chest. Strongly tighten all the
museles from the hips to the toes, and use the neck and deep back muscles
to lift the head, neck, and chest as high as possible. You are not making any
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particular use of the diaphragm to come into this position. Now inhale and
exhale deeply through the nose. Notice that each inhalation raises the
upper part of the body higher and that each exhalation lowers it (fig. 2.10).
Because you are keeping the back muscles engaged continuously during
both inhalation and exhalation, the lifting and lowering action is due
entirely to the muscles of respiration.

In this variation of the cobra pose we hold the hips, thighs, and pelvis
firmly, which stabilizes the lower back and the spinal attachment of the
crus of the diaphragm. Inhalation creates tension at all three of the
diaphragm’s attachments: one on the vertebral column, one on the base of
the rib cage, and the third on the central tendon. But because the hip and
thigh muscles have been tightened, the spinal attachment is stabilized,
excepting only a slight lifting effect that is translated to the hips. What
happens in the torso illustrates clearly how respiratory movements influence
posture: with the abdomen pressed against the floor, the contents of the
abdominal cavity cannot easily descend, and this restricts the downward
movement of the central tendon, which now acts as a link between the two
muscular portions of the diaphragm. With the crural attachments stabilized,
the only insertion that can be mobilized without difficulty is the one at the
base of the rib cage. This attachment therefore expands the chest from its
base, draws air into the lungs, and lifts the upper body. If you are breathing
gl_noothly and deeply you will feel a gentle, rhythmic rocking movement as
the head, neck, and chest rise and fall with each inhalation and exhalation.
This is a perfect illustration of thoraco-diaphragmatic breathing.
| In this exercise the action of the diaphragm during inhalation reinforces
the activity of the deep back and neck muscles and thus deepens the back-
ward bend. During exhalation the muscle fibers of the diaphragm lengthen
eccentrically as they resist gravity. When they finally relax at the end of
exhalation, the backward bend in the spine is maintained only by the deep

'lgigure 2.10. C_obra variation with tightly engaged lower extremities.
Diaphragmatic inhalation (dotted line) lifts the upper half of the body over and

'Wove what can be accomplished by the back muscles acting al
> t é g alone (halft :
ntrast with the diaphragmatic rear lift in figure 2.11. gens)
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muscles of the back and neck. This is an excellent exercise for strengthening
the diaphragm, because after you have lifted to your maximum with the
deep back muscles, you are using the diaphragm, aided by the external
intercostal muscles acting as synergists, to raise the upper half of the body
even higher—and this is a substantial mass to be lifted by a single sheet of
muscle acting as prime mover. Furthermore, if you keep trying as hard as
possible to inhale deeply without closing the glottis, you will be creating the
most extreme possible isometric exercise for this muscle and its synergists, the
external intercostals. But be watchful. If this effort creates discomfort in
the upper abdomen on the left side, please read the section in chapter 3 on

hiatal hernia before continuing.

THE DIAPHRAGMATIC REAR LIFT

Next try a posture that we can aptly call the diaphragmatic rear lift. Again
lie face down, placing your chin against the floor, with the arms along the
sides of the body and the palms next to the chest. Keeping the chest pressed
firmly against the floor, relax all the muscles from the waist down, including
the hips. Take 10-15 nasal breaths at a rate of about one breath per second.

With the thighs and hips relaxed, and with the base of the rib cage fixed
against the floor, the action of the diaphragm during inhalation can bt
translated to only one site: the spinal attachment of the crus. And becausc
the deep back muscles are relaxed, each inhalation lifts the lower back anc
hips, and each exhalation allows them to fall toward the floor (fig. 2.n
Make sure you produce the movement entirely with the diaphragm, not by
bumping your hips up and down with the gluteal (hip) and back muscles
Because the inhalations increase the lumbar curvature, this exercise wil
not be comfortable for anyone with low back pain.

inhalation

Figure 2.11. Diaphragmatic rear lift. With the rib cage anchored against
the floor, its lower rim acts as an origin for the diaphragm rather than an
insertion (as happens in the cobra posture in fig. 2.10). If the gluteal region
and lower extremities remain completely relaxed, the crural attachments
of the diaphragm then lift the hips during inhalation and lower them back

down during exhalation.
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You can feel the diaphragmatic rear lift most easily if you breathe rapidly;
the quick inhalations whip the hips up and away from the floor and the
sudden exhalations drop them. But if you breathe slowly and smoothly you
will notice that each inhalation gradually increases the pull and tension on
the hips and lower back, even though it does not create much movement,
and that each exhalation gradually eases the tension. When you are breathing
slowly enough, you can also feel the muscle fibers of the diaphragm shorten
concentrically during inhalation and lengthen eccentrically during exhalation
as they control the gravity-induced lowering of the hips toward the floor.

The origins and insertions of the diaphragm are reversed in the diaphrag-
matic rear lift in comparison with the cobra variation, and this creates reper-
cussions throughout the whole body. In the cobra variation we fix the hips
and thighs, allowing the costal attachment of the diaphragm to lift the rib
cage, and with the rib cage the entire upper half of the body. In the
diaphragmatic rear lift we do just the opposite: we fix the rib cage, relax the
hips and thighs, and allow the erural insertion of the diaphragm to lift the
lumbar spine and hips.

These two postures also show us how important it is that the diaphragm
is indented so deeply by the vertebral column that it almost encircles the
spine. This enables it to act both from above and behind to accentuate the
lumbar arch during inhalation, lifting the upper half of the body in the cobra
variation, and lifting the sacrum and hips in the diaphragmatic rear lift.

THE SOMATIC AND AUTONOMIC SYSTEMS

The way we breathe affects far more than our posture, and we can best
explore those ramifications hy looking at the two great functional divisions
of the nervous system—somatic and autonomic—and at the tissues and
‘organs they each oversee. The somatic nervous system is concerned with
everything from the control of skeletal muscle activity to conscious sensations
:rspch as touch, pressure, pain, vision, and audition. For the auionomic nervous
-flg%fstem, think first of regulation of blood pressure, viscera, sweat glands,
digestion, and elimination—in fact, any kind of internal function of the
;body that you have little or no interest in trying to manage consciously.
Thls system is concerned with sensory input to the brain from internal
Organs—generally more for autonomic reflexes than for inner sensations—
L well as for motor control of smooth muscle in the walls of internal
ﬂl'gans and blood vessels, cardiac muscle in the wall of the heart, and
£glands (figs. 10.4a-b). Both systems are involved in breathing.

THE SOMATIC SYSTEM

ice breathing draws air into the lungs, and since the lungs are internal
5, we might suppose that the muscles of respiration are controlled by
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the autonomic nervous system. But they’re not. The act of breathing is a
somatic act of skeletal muscles. In chapter 1 we discussed the somatic nervous
system, although without naming it, when we discussed the control of the
skeletal muscles by the nervous system. Respiration makes use of this system.
whether we want to breathe fast or slow, cough, sneeze, or simply lift an
object while going “oomph.” When we participate consciously in any of
these activities we breathe willfully to support them, and we do so from the
command post in the cerebral cortex that influences the lower motor neurons
for respiration. If you are consciously and quietly using the diaphragm as
you breathe, you are activating the lower motor neurons whose axons
innervate the diaphragm by way of the phrenic nerves (figs. 2.6 and 2.12). 1f
you are eight months pregnant the diaphragm can’t function efficiently,
and in order to breathe you will have to activate lower motor neurons
whose axons innervate the intercostal muscles by way of the intercostal
nerves. And if you are trying to ring the bragging bell at a state fair with a
sledge hammer, you will make a mighty effort and a grunt with your
abdominal muscles, again calling on motor neurons from the thoracic cord
to transmit the cerebral commands to the muscles of the abdominal wall.

The cell bodies for the phrenic nerves are located in the spinal cord in the
region of the neck (the cervical region), and the cell bodies for the intercostal
nerves are located in the spinal cord in the region of the chest (the thoracic
region). In the neck the spinal cord contains eight cervical segments (C1-8)
and in the chest it contains twelve thoracic segments (T1-12; figs. 1.5 anc
2.12). The diaphragm is innervated by the right and left phrenic nerves
from spinal cord segments C3-5; the intercostal and abdominal muscles ar
innervated by the intercostal nerves from spinal cord segments T1-12 (figs
1.5 and 2.12).

Both the phrenic and intercostal nerves are necessary for the ful
expression of breathing. If for any reason the intercostal nerves are nol
functional, leaving only the phrenic nerves and a functioning diaphragn
intact, the diaphragm will support respiration by itself (fig. 2.12, site d). Brl
in that event the external intercostal muscles will no longer maintain the
shape of the chest isometrically, and every time the dome of the diaphragr
descends and creates a vacuum in the Jungs and pleural cavity, the ches
wall will be tugged inward. On the other hand, if for some reason the
phrenic nerves are not functional (see asterisks fig. 2.12), but the inter
costal nerves and muscles are intact, the vacuum produced by activity o
the external intercostal muscles will pull the dome of the flaccid diaphragm
higher in the chest during the course of every inhalation.

Like all typical somatic motor neurons, those for respiration are con-
trolled from higher centers in the brain, and life cannot be supported by
spinal cord transections above C3 (fig. 2.12, site ¢). A transection at C6 is
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not quite as serious. It spares input from the brain to the somatic motor
neurons whose axons travel in the phrenic nerve, and in that manner
spares the function of the diaphragm, as mentioned above, but it eradicates
input to the somatic motor neurons that innervate the intercostal and
abdominal muscles, as well as to the rest of the skeletal muscles of the body
from the neck down, resulting in quadriplegia (fig. 2.12, site d; also see
chapter 1). If a complete transection occurs at Li—the first lumbar segment of
the spinal cord—all input to all motor neurons for all muscles of respiration is
spared and breathing is normal, although such a transection would result
in paraplegia (fig. 2.12, site e; see also chapter 1).

THE RESPIRATORY CENTERS

Breathing goes on twenty-four hours a day. We can regulate it mindfully
from the cerebral cortex if we want, in the same way that we can regulate
our movement and posture, but most of the time our minds are occupied
elsewhere and we rely on other motor centers to manage respiration. These
respiratory control centers are located in the two lowest segments of the
brain stem (the continuation of the spinal cord into the brain). A crude
rhythm for respiration is generated in the lowest of these segments—the
medulla—and this is fine-tuned by the next higher segment—the pons (fig.
2.12). Input from these centers to the motor neurons of respiration i:
unconscious. Willed respiration, of course, is directed from the cerebral corte:
and can override the rhythms generated by the lower segments of the
brain. But even if higher centers have been destroyed by a stroke or traumati
head injury (fig. 2.12, site a), the controlling centers for respiration in th
pons or even just the medulla may still survive, allowing someone who i+
otherwise brain-dead to continue breathing indefinitely.

We depend on the respiratory centers to manage somatic aspects ¢
breathing automatically, but sometimes the mechanisms do not worl
perfectly. In a rare form of sleep apnea—the central hypoventilatior
syndrome—the automatic control of ventilation is lost but the ability f
breathe voluntarily is preserved. This is roughly similar to a circumstanc
immortalized in Jean Giraudoux’s play Ondine. Ondine, a water nymp
and an immortal, married Hans, a mortal, even though she knew that sucl
a union was forbidden and that Hans was doomed to die if he was unfaithft
to her. When the prophecy was fulfilled, Hans was deprived of his automati
functions. “A single moment of inattention,” he tells Ondine, “and I forge
to breathe. He died, they will say, because it was a nuisance to breathe.” Anc
s0 it came to be. This form of sleep apnea is now known as Ondine’s curse

Although the respiratory pathways in the brain stem support the most
primitive form of rhythmic breathing, higher centers can either smooth
this out or disrupt it. We all know that when we are in intense emotional
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states our breathing becomes jerky and irregular. Watch a baby struggle to
breathe while it is preparing to cry, or think of how uncontrollable laughing
affects a teenager’s breathing. By contrast, when we are calm, the somatic
motor circuits for respiration will be delicately balanced and our breathing
will be smooth and even. Maintaining such even-tempered states is one of
the aims of yoga.

THE AUTONOMIC NERVOUS SYSTEM

When you think of the autonomic nervous system, the first point is not to
confuse the terms automatic and autonomic. We can breathe automatically
courtesy of the somatic nervous system, but the word autenomic is derived
from “autonomy,” the quality of being independent. In the context of the
two great divisions of the nervous system, the autonomic nervous system
is largely independent of the somatic system; it consists of a vast auxiliary
network of neurons that controls viscera, blood vessels, and glands
throughout the body. It is not, however, completely autonomous, because it
interacts with the somatic nervous system—it both feeds sensory information
from within the body into the somatic systems of the brain and spinal cord
(in this case our main concern is the respiratory centers), and is affected by
the somatic motor systems in return.

We constantly depend on smooth interactions between the somatic and
autonomic nervous systems. You race around the block using your skeletal
muscles, which are controlled by the somatic nervous system, but you
would not get far unless your autonomic nervous system sped up your
heart, stimulated the release of glucose from your liver, and shunted blood
from the skin to the skeletal muscles. And if, instead of running around the
block, you sit down and read a book after dinner, you flip the pages using
Yyour skeletal muscles and depend on the unconscious operation of your
fiutonomic nervous system to digest your meal. Respiration, as it happens,
is the foremost function in the body in which signals from internal organs
have a constant and continuing effect on somatic function, in this case the
rate and depth of breathing, twenty-four hours a day.

If we look at an overview of how the autonomic nervous system operates,
controlling autonomic influences from the central nervous system (the brain
and spinal cord) are relayed to their visceral targets by two systems of
autonomic motor neurons: sympathetic and parasympathetic. The
ﬁJ’rnpathetu nervous system prepares the body for emergencies (“fight or
flight”) and the parasympathetic nervous system maintains the supportive
functions of the internal organs. Between them, by definition, these two systems
execute the autonomic motor commands from the brain and spinal cord. More
_Df these interactions will be discussed in chapter 10, in which we'll be
concerned with the importance of the autonomic nervous system in relaxation.
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Here our concern is limited mainly to breathing, and the first thing to
note is that the most important autonomic relationship involving the control
of respiration is sensory. This does not mean sensory in regard to some-
thing you can feel; it refers to influences from sensory receptors that have
an impact on breathing. Specifically, the sensory limb of the autonomic
nervous system carries information on oxygen and carbon dioxide levels in
the blood and cerebrospinal fluid to the respiratory control centers in the
brain stem. You would see the important respiratory linkage between the
autonomic and somatic systems in operation if you were suddenly rocketed
from sea level to the top of Alaska’s Mount Denali. You would immediately
begin to breathe faster because your somatic respiratory control centers
receive autonomic sensory signals that your blood is not getting enough
oxygen, not because you make a conscious somatic decision that you had
better do something to get more air.

There are also purely autonomic mechanisms that affect breathing in
other ways. The most obvious example is familiar to those who suffer from
asthma, or from chronic obstructive pulmonary disease (COPD) combined
with bronchitis, and that is the difficulty of moving air through constricted
airways. It is not very helpful to have healthy skeletal muscles of respira-
tion if the airways are so constricted that they do not permit the passage o'
air. Although this is a complex and multifaceted problem, the autonomic
nervous system involvement appears to be straightforward. In quiet times
when there is less need for air, the parasympathetic nervous system mildly
constricts the smooth muscle that surrounds the airways, especially the
smaller bronchioles, and thereby impedes the flow of air to and from the
alveoli. But in times of emergency or increased physical activity, the
sympathetic nervous system opens the airways and allows air to flow mor
easily. Those who have chronic respiratory diseases have an acute aware-
ness of how difficult it can be to medicate and regulate this system.

HOW BREATHING AFFECTS THE AUTONOMIC NERVOUS SYSTEM

All of our concerns so far have been with how the nervous system influence
breathing. These are all widely recognized. What is not as well-known is tha
different methods of breathing can affect the autonomic nervous system an<
have an impact on the functions we ordinarily consider to be under unconsciou:
control. Abnormal breathing patterns can stimulate autonomic reactions asso
ciated with panic attacks, and poor breathing habits in emphysema patient:
produce anxiety and chronic overstimulation of the sympathetic nervous
system. By contrast, quiet breathing influences the autonomic circuits that
clow the heartbeat and reduce blood pressure, producing calm and a sens¢
of stability. Our ability to control respiration consciously gives us access to
autonomic function that no other system of the body can boast.
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2:1 BREATHING

One breathing technique that can produce a beneficent effect on the
autonomic nervous system is 2:1 breathing—taking twice as long to exhale
as to inhale. For those who are in good condition, 6-second exhalations and
3-second inhalations are about right, and if you can regulate this without
stress, the practice will slow your heart down and you will have a subjective
experience of relaxation. As with almost all breathing exercises in yoga,
both inhalation and exhalation should be through the nose.

This connection between heart rate and breathing, known as respiratory
sinus arrhythmia, involves reflex activity from the circulatory system to
the brain stem that causes the heart to beat more slowly during exhalation
than it does in inhalation. It is a natural arrhythmia, called “respiratory”
because it is induced by respiration, and called “sinus” because the receptors
that stimulate the shifts in heart rate are located in the aortic and carotid
sinuses, which are bulbous enlargements in those great vessels. If you take
longer to exhale than to inhale, especially when you are relaxing, the slowing-
down effect of exhalation will predominate. This is an excellent example of
how we can willfully intervene to produce effects that are usually regulated
by the autonomic nervous system,

There are limits on both ends to the effects of 2:1 breathing. If you are

walking briskly, exhaling for two seconds and inhaling one second, you will
not get this reaction, and if you take it too far in the other direction, which
for most people means trying to breathe fewer than five breaths per minute
(8-second exhalations and 4-second inhalations), the exercise may become
stressful and cause the heart rate to increase rather than slow down. The
golden mean—that which is entirely comfortable—is best.
‘ There is one well-known practical consequence of respiratory sinus
‘ arrhythmia. For decades doctors have known empirically that pursed-lip
breathing against moderate resistance is helpful for those with obstructive
lung disease. What is not generally realized is that the practice is helpful
mainly because it lengthens exhalations, slows the heart rate, decreases
.the amount of air remaining in the lungs after exhalation, and reduces fear
and anxiety. Knowledgeable yoga teachers realize that the same end can be
‘accomplished through a different approach—lengthening exhalations by
Pressing in gently with the abdominal muscles while at the same time
breathing through the nose.

THE PHYSIOLOGY OF RESPIRATION

Different hatha yoga breathing exercises affect respiration in different
Ways, but before we can understand how they do this we need a little more
Z__ﬁackground. We'll start our discussion with a look at the amount of air
found in the lungs and airways at different stages of the breathing cycle.
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These values—the lung volumes, capacities, and anatomic dead space—
vary according to stature, age, sex, and conditioning, so to keep things simple
we’ll always use round numbers that are characteristic for a healthy young
man. The numbers are generally smaller for women, for older men and
women, and for those in poor physical condition. That’s not so relevant to
us here. Our main interest is not in how the lung volumes and capacities
vary in different individuals; it is in how they vary with different breathing
practices and postures. The numerical representations in fig. 2.13, as well
as in all the charts on respiration, are only simulations, but they will be :
useful starting point for more rigorous inquiry.

LUNG VOLUMES, CAPACITIES, AND THE ANATOMIC DEAD SPACE

There are four lung volumes (fig. 2.13). We’ll begin with the tidal volume
which is the amount of air that moves in and out in one breath. Textbook
state that in our healthy young man it amounts to one pint, or about 50¢
ml (milliliters) during relaxed breathing, but this volume is obviousl
circumstantial —when we are climbing stairs it will be greater than whe:
we are sitting quietly. The inspiratory reserve volume, about 3,300 ml (31
quarts), is the additional air you can inhale after an ordinary tidal inhalatior
The expiratory reserve volume, about 1,000 ml, is the additional air you ca:
exhale after a normal tidal exhalation. The residual volume, about 1,20
ml, is the amount of air that remains in the lungs after you have exhale:
as much as possible.

Lung capacities, of which there are also four, are combinations of two ©
more lung volumes (fig. 2.13). First, the vital capacity is the total amount ¢
air you can breathe in and out: it totals 4,800 ml and is the combination «
the tidal volume plus the inspiratory and expiratory reserve volumes. Thi
is the most inclusive possible definition of the yogic “complete breath.” an
is an important clinical value.

Second, the total lung capacity is self-explanatory. In a healthy youn
man is amounts to about 6,000 ml and is the sum of all four lung volume:
or alternatively, the sum of the vital capacity and the residual volume.

Third. the inspiratory capacity is the total amount of air you can inhal
at the beginning of a normal tidal inhalation. This is a restrictive definitior
of the yogic “complete breath,” which is the combination of the tidal volum:
and inspiratory reserve volume (about 3,800 ml).

Fourth, the funectional residual capaeity, 2,200 ml, is the combination ©
the residual volume and the expiratory reserve volume. As its namt
implies, this is an especially practical quantity—the amount of air in the
lungs at the end of a normal exhalation that will be mixed with a frest
inhalation. This usually amounts to a lot of air—more than four times a:
much as an ordinary tidal volume of 500 ml. One point of pursed-lip breathing,
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discussed earlier, is to drastically decrease this value so that the fresh air
that you inhale is mixed with a smaller volume of oxygen-poor air.

Lung volumes and capacities differ markedly in different hatha yoga
postures and practices. For example, agni sara (chapter 3) almost obliterates
the expiratory reserve volume and increases the tidal volume from 500 ml
to possibly 1,600 ml (figs. 3.31-33); inverted postures (chapters 8 and 9)
decrease the expiratory reserve volume and shift the tidal volume closer to
the residual volume; and the bellows breath, which will be discussed at
length later in this chapter, minimizes the tidal volume.

The anatomic dead space is another extremely important clinical
value—the air-filled space taken up by the airways, which include the nasal
passages, pharynx, larynx, trachea, right and left primary bronchi, and the
branches of the bronchial tree that lead to the alveoli. It is called a dead
space because it does not, unlike the alveoli, transport oxygen into the
blood and carbon dioxide out. This space ordinarily totals about 150 ml, so
for a tidal volume of 500 ml, only 350 ml of fresh air actually gets to the
alveoli. You can get an immediate idea of its significance when you are
snorkeling. If you breathe through a snorkel tube with a volume of 100 ml,
the practical size of the anatomic dead space increases from 150 ml to 250
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ml, you have to inhale 600 ml through the end of the tube just to get 350
ml to the alveoli, and you might have a few moments of panic before you
adjust to the need for deeper breaths. Clinical concerns with the anatomic
dead space are often grim: in terminal emphysema patients its volume
sometimes approaches and exceeds the vital capacity.

ALVEOLAR AND MINUTE VENTILATION

When we consider how much air we inhale and exhale over a period of time,
the first thing we think of is the minute ventilation, the amount of air we
breathe in and out over a period of 60 seconds. This is what we feel—the
touch of the breath in the nostrils, in and out, over a period of one minute.
All you have to do to calculate your minute ventilation is measure your
tidal volume and multiply that value times the number of breaths you take
per minute. According to textbooks, this would be 500 ml per breath times
12 breaths per minute, and this equals 6,000 ml per minute.

The minute ventilation does not tell us everything we need to know
however, because what is most important is not the amount of air that
moves in and out of the nose or mouth, but the amount of air that gets past
the anatomic dead space into the alveoli. This is also measured over & perio
of one minute and is called, logically enough, the alveolar ventilation. It is
our primary concern when we want to know how breathing affects the content
of oxygen and carbon dioxide in the blood, and that is our main interest it
yoga breathing exercises. To calculate the alveolar ventilation, subtract the
size of the anatomic dead space from the tidal volume before multiplying by
the respiratory frequency. For example, 500 ml of tidal volume minus 150 m
of anatomic dead space equals 350 ml per breath, and 350 ml per breath time
12 breaths per minute yields an alveolar ventilation of 4,200 ml per minute.

The values given for lung volumes and capacities, as well as for minutc
and alveolar ventilation, are only textbook examples—it is not uncommor
to breathe more rapidly and take in a smaller tidal volume for each breath
If you watch a dozen people closely in casual situations, such as when the:
are sitting on a bus with their arms folded across their chests, you can easily
count the breaths they take per minute, and it is usually faster than the
textbook standard of 12 breaths per minute: 24-30 breaths per minute is ¢
lot more common. This is of no great consequence because everyone simpl
adjusts their tidal volume so that their alveolar ventilation stays within :
normal range (fig. 2.14). In meditation the rate of breathing generally
seems to slow down, but it can still vary widely and may either be faster o1
slower than the standards cited in the medical literature on respiration.
Here too, you adjust the rate of breathing and the tidal volume so that the
alveolar ventilation comes in line with the metabolic requirements of the
practice.
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ATMOSPHERIC, ALVEOLAR, AND BLOOD GASES

The whole point of breathing is to get oxygen from the atmosphere to the
cells of the body and carbon dioxide from the body into the atmosphere,
and to understand how this happens we need to know how diffusion and
pressure differentials drive those processes. Here’s how it works: A gas
moves from a region of high concentration to one of low concentration, just
as a drop of dye placed in a glass of water gradually diffuses throughout,
sooner or later equalizing the mixture until it has colored all the water in
the glass uniformly. Very crudely, something similar happens in the body.
There is much concentration of (or pressure from) oxygen in the atmosphere,
less in the alveoli, less than that in the arterial blood, and less yet in the
cells of the body that are using the oxygen. By the same token, there is
much concentration of (or pressure from) carbon dioxide in the vicinity of
the cells that are eliminating it, somewhat less in the veins and alveoli, and
almost none in the atmosphere.

The standard measure of pressure we use for gases is millimeters of
mercury (mm Hg), which is the height of a column of mercury that has the
same weight as a column of gas that extends all the way out to the strato-
sphere. In other words, if we think of ourselves as bottom-dwellers in a sea
of air, which we assuredly are, the weight of a column of air above us at sea
level is the exact equivalent of the weight of a column of mercury of the
same diameter that is 760 mm in height. We use this unit for measuring
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many values: total atmospheric pressure; the atmosphere’s itemized
content of nitrogen, oxygen, and other gases; the decreased oxygen and
increased carbon dioxide in the alveoli; and the content of oxygen and carbon
dioxide in the blood.

Atmospheric pressure decreases with increasing altitude. At sea level it
is 760 mm Hg, and of this total, the oxygen share is about 150 mm Hg, the
nitrogen share is about 580 mm Hg, and water vapor is about 30 mm Hg,
depending on the humidity. At the summit of Pike’s Peak in Colorado
atmospheric pressure is 450 mm Hg (oxygen 83 mm Hg), and at the summit
of Mount Everest in the Himalayas it is 225 mm Hg (oxygen 42 mm Hg).
Going in the other direction to a depth of 165 feet under water (which is
considered by diving experts a prudent maximum depth for breathing
atmospheric air that has been pressurized by the depth of the water),
atmospheric pressure is 4,500 mm Hg and oxygen is 900 mm Hg.

Returning to more ordinary circumstances, let’s limit ourselves for the
moment to what we would see inside and outside the body at sea level. If
we are quietly breathing atmospheric air at our favorite seaside resort.
where the oxygen content is about 150 mm Hg, we’ll end up with oxygen
levels of about 104 mm Hg in the alveoli, which is reduced from 150 mm Hg
because of the transfer of oxygen from the alveoli into the blood. Passing
on down the pressure gradient, arterial blood contains slightly less oxygen.
about 100 mm Hg. Venous blood, or blood that has just released its oxyger
in the tissues, contains dramatically less, about 40 mm Hg. Carbon dioxide
decreases in the other direction from the blood to the atmosphere, from a
high of 46 mm Hg in venous blood to 40 mm Hg in arterial blood and the
alveoli, and finally to a negligible 0.3 mm Hg in the atmosphere.

The numbers for atmospheric, alveolar, and blood gases can all be com
pared conveniently in table 2.1. The ones we are especially concerned with
when we look at pulmonary ventilation and breathing exercises in yoga are
the pressures for oxygen and carbon dioxide in atmospheric air, alveoll
arterial blood, and venous blood.

Too little alveolar ventilation is hypoventilation, and too much is hyper
ventilation. Both conditions will have repercussions in the alveoli, arterial
blood, and venous blood, as well as on tissues throughout the body
Hypoventilation will result in reduced levels of oxygen and increased levels
of carbon dioxide at all those sites, and hyperventilation drives the figures
in the opposite direction (see table 2.2).

HYPOVENTILATION

Everyone has an intuitive understanding that we have to have oxygen to live,
and most people have experienced an undersupply of oxygen at one time or
another, if only from holding the breath. What’s not always recognized, at

g

| ©xygen 90 104 140 85 100
L 120 32 40 60
carbon
dioxide 50 40 15 51 40 15 56 46 30
e
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Jeast from personal experience, is that the momentary discomfort of smothering
is a warning of something more serious: that the cells of the brain and
spinal cord are acutely sensitive to oxygen deficits, that a severe deprivation
of oxygen will cause temporary damage to the tissue in less than a minute,
and that neurons totally deprived of oxygen for about five minutes (as in
the case of stroke) will die.

dry air, g";iség;g warm alveolar | arterial | venous
gases any tem- relative (98.6) gaseous blood blood
perature i wet air | pressures gases gases
oxygen 159.1 150 149.2 104 100 40
carbon dioxide 0.3 0.3 0.3 40 40 46
water vapor 0.0 30 47 47 47 47
nitrogen 600.6 579.7 563.5 569 573 627
totals, in 760 760 760 760 760 760
mm Hg

Table 2.1. The above chart shows pressures in mm Hg (millimeters of
mercury) expected during the course of relaxed breathing at sea level ;
the most important eight values are shown in boldface. Nitrogen is inert:
ils values are determined solely by altitude and the summed specific
_pressures for oxygen, carbon dioxide, and water vapor.

Hypoventilation, or underbreathing, is a related matter, and another
condition that is familiar to people with respiratory problems. They call it
shortness of breath. Hypoventilation is not usually a serious matter for
‘anyone who is in good health, for whom a few deep breaths will usually step
up the alveolar ventilation enough to bring the oxygen and carbon dioxide
levels into balance. This is also the aim of several hatha yoga breathing
exerciges that increase ventilatory capacity, especially the bellows breath.

gases alveolar gases arterial blood gases venous blood gases

mrﬁlt:ﬂ\{e hypo- | normal| hyper- | hypo- | normal | hyper- | hypo- [ normal | hyper-
ation vent. | vent. | vent. | vent. | vent. | vent. | vent. | vent. | vent.

?ﬁble 2.2.The above chart shows simulations of alveolar and blood gases in mm
Hg for hypoventilation, normal breathing, and hyperventilation. The six figures in
oldface are the norms, repeated from table 2.1.
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But vigorous practice of bellows breathing brings up the question of hyper-
ventilation, or overbreathing, and this, paradoxically, can create a deficit in
the supply of oxygen for the cells of the central nervous system where we
need it the most.

HYPERVENTILATION

Let’s say you are hyperventilating during the course of an extreme bellows
exercise. If this involves breathing in and out a tidal volume of 500 ml three
times per second, you will end up with an alveolar ventilation of 180
breaths per minute times 350 ml per breath, which equals 63,000 ml per
minute, or fifteen times the norm of 4,200 ml per minute. If you were in
world-class athletic condition and running full speed up forty flights of
stairs, this would be fine. During heavy exercise your body will use all the
oxygen it can get, and it will also need to eliminate a heavy overload of carbor

dioxide. It’s not, however, a good idea for an ordinary person to breathe in
this way. Extreme hyperventilation when you are not exercising strenuously

skews the blood gases too much.

Our first thought is that hyperventilation must drive too much oxygen intc
your tissues, but this is inaccurate. Except for a few special circumstances
such as breathing 100% oxygen for prolonged periods, or breathing oxygen at
high pressure in deep-sea diving, you can’t get too much, and the increasec
oxygen in the blood that results from hyperventilation is certainly not harmful

The problem with hyperventilation is not that it increases arteria
oxygen but that it decreases arterial carbon dioxide, and that can have a/
unexpected side effect. What happens is that a substantial reduction 1
arterial carbon dioxide constricts the small arteries and arterioles of th:
brain and spinal cord. The way this happens, or at least the end result, i
very simple: an arteriole acts crudely like an adjustable nozzle on the en
of a garden hose that can open to emit a lot of water or clamp down to em:
only a fine spray. As carbon dioxide in the blood is reduced. the arteriole
clamp down and the blood supply to the tissue is restricted until there is =
little blood flowing to the brain that it doesn’t matter how well it i
oxygenated. Not enough blood (and therefore not enough oxygen) can ge
through the arterioles to the capillary beds and adequately support the

neurons.
Hyperventilating vigorously enough to dramatically lower blood carbo
dioxide doesn’t necessarily result in death or even obvious clinical symp
toms, but it can cause more general complaints such as fatigue, irritability
lightheadedness, panic attacks, or the inability to concentrate. It’s no!
illogical that the folk remedy for panic attacks, which is still routinely
administered by triage nurses in emergency rooms, is to have someone who
is in such a state breathe into a paper bag. Rebreathing our exhaled carbon
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dioxide increases carbon dioxide levels in the blood and opens the cerebral
circulation. There are better solutions, however, and triage nurses who
have also had some training in relaxed yogic breathing practices would be
more imaginative, perhaps suggesting something as simple as having the
patient lie supine and breathe abdominally with their hands or a moderate
weight on the abdomen.

Extremely low blood levels of carbon dioxide can cause you to pass out.
Children at play sometimes hyperventilate, hold their breath after a deep
inhalation, and then strain against a closed glottis. If they do this for only
3—4 seconds they will drop to the floor like stones. Increasing intrathoracic
pressure from straining will have diminished the venous return to the
heart (and thus the cardiac output) immediately after the cerebral circulation
has been partially occluded by hyperventilation, and these two ingredients
combined cut off enough of the blood supply to the brain to cause an immediate

‘but temporary loss of consciousness. The danger of passing out from con-

stricted brain arterioles is also why lifeguards do not allow swimmers to
hyperventilate vigorously before swimming underwater. Hyperventilating

followed by holding the breath after a deep inhalation is not harmful to

children on a grassy lawn who will begin to breathe normally as soon as
they lose consciousness, but it is deadly under water.
One of the most demanding tests of aerobic capacity is mountain climh-

(ing without bottled oxygen at altitudes higher than 25,000 feet. Superbly

conditioned athletes are able to meet this standard and reach the summit
of Mount Everest by hyperventilating the oxygen-poor atmosphere (42 mm

‘Hg at 29,000 feet) all the way to the top. They can jam enough oxygen into
the:lr arterial blood to survive (about 40 mm Hg), and that’s good; but the
hyperventilation also drives their alveolar carbon dioxide down to less than

10 mm Hg, and that’s not so good. They have to train rigorously at high

altitudes to adapt the cerebral circulation to such extremely low levels of

carbon dioxide. If most of us were transported unprepared to such an

;alﬁtude (as would happen if we suffered a sudden loss of cabin pressure in
‘an airliner cruising at 29,000 feet), we would experience so much reflex
jl?@erventilation and subsequent constriction of the cerebral circulation
that without supplemental oxygen we would pass out in about two minutes
‘and die soon thereafter.

Beginning hatha yoga students who practice the bellows breath excessively
‘May experience some adverse symptoms of hyperventilation, especially

ArTitability. But if they continue the practice over a period of time, the cercbral

f‘r_lrmlanon gradually adapts to decreased levels of carbon dioxide in the blood,

they can intensify their practice and safely gain the benefits of alertness
1d well-being associated with higher levels of blood oxygen.
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CHEMORECEPTORS

The levels of oxygen and carbon dioxide in the blood and cerebrospinal
fluid are monitored by chemoreceptors, specialized internal sensors of the
autonomic nervous system. Sensory nerve endings associated with these
receptors then transmit nerve impulses coded for distorted levels of oxygen
and carbon dioxide directly to the circuits of the somatic nervous system
that regulate breathing (fig. 2.15). Accordingly, the chemoreceptors are
important keys to linking the autonomic and somatic systems.

There are two classes of chemoreceptors: peripheral and central. The
peripheral chemoreceptors, which are located in the large arteries leading
away from the heart, react quickly to substantial reductions of arteria
oxygen and strongly stimulate respiration. If you restrict your breathing, or 1!

external carotid artery and main branches (supplies face and scalp)
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Figure 2.15. Brain stem and cerebellum on the left (with central chemoreceptor:
nlege:‘r the f:0nl surface of the medulla), and on the right, the carotid sinus (with
peripheral chemoreceptors) just below the bifurcation of the common carotid
artery into the internal and external carotid arteries (Quain).
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you are at an altitude that cuts your arterial oxygen in half (that is, from 100
mm Hg to 50 mm Hg), the input of the peripheral chemoreceptors to the brain
stem respiratory centers will quadruple your alveolar ventilation from a
norm of 4,200 ml per minute to about 16,000 ml (16 liters) per minute. Even
if you are well enough conditioned to walk up a 30° grade at sea level with
only moderate increases in alveolar ventilation, you will find yourself panting
when you hike up that same grade at a high altitude.

Although the peripheral chemoreceptors respond to large decreases in
blood oxygen, they do not respond significantly to small decreases. If you
are only somewhat short of oxygen you may simply lose the edge of your
alertness and just feel like yawning and taking a nap, which is the point at
which yoga breathing exercises are indicated.

Central chemoreceptors, which are located on the surface of the brain stem
immediately adjacent to the somatic respiratory control centers, stimulate
the rate and depth of respiration in response to increased levels of carbon
dioxide, and dampen respiration if levels of carbon dioxide fall. They are
more sensitive to small changes than the peripheral chemoreceptors, but
they are slower to react because the cercbrospinal fluid in which they are
bathed is isolated from the blood supply and does not respond instantly to
changes in blood carbon dioxide.

The differing sensitivities of the peripheral and central chemoreceptors
sometimes results in their working at cross-purposes. For example, at high
altitudes decreased oxygen stimulates the peripheral chemoreceptors to
increase ventilation, but this also lowers carbon dioxide, and when that happens
the central chemoreceptors start to retard ventilation. You may require the
extra air for the sake of the oxygen, but the response to decreased carbon
dioxide confounds that need. Training the system to adapt to such conflicting
signals is part of the process of high-altitude acclimation.

THE ROLE OF WILL

pmens of physical, mental, and environmental factors cooperate to influence
?ESpiration, and some of these work at odds with one another. Our will can
override most of them. You can counter the state of being bored and sleepy
by practicing bellows breathing. If you are bicycling behind a smelly bus
You can hold your breath, at least momentarily, to escape the fumes. If you
hﬂVe the habit of breathing irregularly you can learn even meditative
breathing 17 You are upset you can breathe slowly and evenly to calm down.
Most Important, you can learn to observe healthier breathing patterns
whﬂe You are doing hatha yoga postures; then you can carry the refined
‘habits over into your daily life. To see specifically how this works in the

Factical environment of yoga postures, we’ll look at four different kinds of

ing: thoracie, paradoxical, abdominal, and diaphragmatie.
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THORACIC BREATHING
Specialists in holistic therapies often condemn thoracic, or chest, breathing
but there are two possible scenarios for this mode of breathing that should b
considered separately: one is empowering and has an honored role in hath:
yoga, and the other is constricting and can create physical and mental healt}
problems if it is done habitually. First, we'll look at the beneficial version.

EMPOWERED THORACIC BREATHING

To get a feel for the best of empowered thoracic breathing (fig. 2.29a), stan
up, interlock your hands behind your head, pull your elbows to the rear a
much as possible, bend backwards moderately, and inhale, expanding th
chest maximally. Lift your elbows and expand the chest until you feel th
intercostal muscles reach their outermost limits of isometric tension.
| Technical note: Although the diaphragm is not as chviously involved in this metho,
of breathing as the intercostal muscles, it supports inhalation synergistically. How
Its muscle fibers resist lengthening by keeping the dome of the diaphragm fror
being pulled freely toward the head as inhalation proceeds (unlike what we’ll soo
see for paradoxical breathing), and at the peak of inhalation, it holds momentaril
in a state of 1sometric tension.|

Next, let your hands hang down and pull your elbows slightly to the rea
again while bending back moderately and inhaling as much as you can. If you
observe carefully you'll see that you can slightly increase your inspirator:
capacity with the arms in this more neutral position. How can you prove this
Go back to the first posture, inhale as much as possible, then hold your breat!
at the glottis at the end of your fullest possible inhalation. Still holding you:
breath, assume the second position with your hands hanging and elbows back
and you will immediately confirm that you can inhale a little more. Then as :
control experiment, just to be certain, try it the opposite way, first a maximun
inhalation with the hands down and elbows back, and second with the hand
behind the head and the elbows strongly lifted and pulled to the rear. You’l
find that coming into the latter position secondarily (after locking the glottis
in the first position) mandates a release of air once you open the glottis. These
are not yoga practices, of course, but experiments to test the effects of partic-
ular arm positions on your inspiratory reserve volume during the course of
empowered thoracic breathing. You can also experiment with any number
of other standing postures. If, for example, you grasp your elbows tightly
behind your back with your opposite hands, or come into a forward bend
supporting your hands on the thighs just above the knees, you will find
that these arm positions markedly limit your inhalation.

In general. there are three major reasons for variations in inspiratory
capacity that are due to posture. One is obvious: sometimes the position of the
upper extremities compresses the chest and limits inhalation mechanically.
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‘The other two are more subtle: many of the muscles of the upper extremities
gerve either as synergists or as antagonists to the external intercostal muscles
for enlarging the chest. The relationships are straightforward: any position
that favors the synergistic effects will increase inspiratory capacity, and any
position that favors the antagonistic effects will decrease it.

One of the most effective training exercises for increasing your inspiratory
‘capacity takes its cue from a standard barbell exercise. In this case you can
simply swing a broomstick or a light barbell without added weights from your
thighs to 180° overhead, doing 10-15 repetitions while keeping your elbows
‘extended. Exhale maximally as you bring the broomstick or barbell to your
thighs, and inhale maximally as you bring it overhead. As a barbell exercise,
this is designed to develop and stretch chest muscles such as the pecioralis
major (fig. 8.8-9), but many of the muscles needed for moving the barhell
‘through its arc also act synergistically with the external intercostals to facilitate
inhalation. This is also a great exercise for children with asthma, who often tend
to be parsimonious when it comes to using their chests for breathing. If their
asthma is typically induced by exercise, they should of course use a broom-
stick instead of a barbell, and be sensitive to their capacity.

In hatha yoga generally, inhaling as much as you can is an excellent
chest exercise any time you are doing simple whole-body standing back-
ward bends (fig. 4.19), diaphragm-assisted backbends (fig. 5.7), cobra
postures (especially those shown in figs. 2.10 and 5.9-12), the upward-facing
dog (figs. 5.13-14), prone boats and bow postures (fig. 5.20-23), variations of
the cat pose in which the lumbar region is arched forward (figs. 3.30 and
3.34b), or possibly best of all, any one of several variations of the fish
posture (figs. 3.19a, 5.28, and 9.19). In fact, whenever an instructor suggests
taking the deepest possible inhalations, this can only mean placing an
emphasis on empowered thoracic breathing, and it works well in any
relatively easy posture in which it is natural to thrust the chest out.

CONSTRICTED THORACIC BREATHING

Constricted thoracic breathing (fig. 2.29b) is typically shallow, rapid, and
irregular. It is commonly associated with stress and tension, and our main
interest in analyzing it is to understand why it is inadvisable to breathe
that way habitually. Whenever someone criticizes chest breathing, this is
what they are talking about.

To help students understand why constricted thoracic breathing is
undesirable, ask them to lie in the corpse posture (figs. 1.14 and 10.2),
Placing the left hand on the abdomen and the right hand on the chest. First
of all they should concentrate on moving only the front surface of the
abdomen when they breathe; the right hand should be stationary and the
left hand should rise toward the ceiling during inhalation and come back
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down during exhalation. Ask them to notice that this is natural and
comfortable. Then, to do thoracic breathing, ask them to breathe so t.hai
the left hand is stationary and the right hand is lifted toward the ceiling
This feels so unnatural, at least in the supine position, that many student:
in a beginning class won’t be able to do it. You will probably have to demor}
strate and explain that you are not teaching a relaxed or empow?red yogit
breathing practice; you simply want students to experience this form ol
thoracic breathing so they can contrast it with other options.

In thoracic breathing the hand on the abdomen is stationary becaus
rigid abdominal muscles prevent the dome of the diaphragm from moving
and the only way you can inhale is to lift and expand the upper part of th
chest. This is not a relaxing breathing pattern, and some people will knov
in advance that the exercise will be stressful—don’t insist that everyor
do it.

When you breathe thoracically while standing (fig. 2.16), you can feel th
external intercostal muscles expand the rib cage, especially during a dec

inhalation, and you can feel them resist its tendency to get smaller durir -

inhalation

Figure 2.16. Thoracic
breathing. The dotted line
reveals the profile for a
moderately empowered
thoracic inhalation, with
the sternum lifted up and
out in accordance with
the “pump-handle” anal-
ogy. The abdomen and
respiratory diaphragm
remain relatively fixed in
position, and the head is
pulled to the rear. The
halftone profiles a normal
exhalation.
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exhalation. This is fine for empowered thoracic breathing, but it feels out
of place in the supine posture.

The role of the internal intercostals, whether standing or supine, is
not s0 obvious. In the first place they do not become fully active except
in forced exhalation, even in someone who has healthy breathing patterns.
Second, habitual chest breathers are generally compulsive about
inhalation, as though they are afraid to exhale, and because of this they
may not make much use of their internal intercostal muscles under any
eircumstances.

Other muscles in the neck, chest, and shoulders also support thoracic
breathing as a side effect to some other action. The scalenes (figs. 2.8 and
8.13), which take origin from the cervical spine and insert on the clavicle
(the collarbone) and first rib, have their primary effect on the neck, but
they also lift the chest during the course of a complete inhalation. We call
this clavicular breathing to differentiate it from lifting the chest with the
intercostal muscles. In addition, as mentioned earlier, most of the muscles
that stabilize the scapula and move the arms also have indirect effects on
breathing for the simple reason that they attach to the chest.

_PHOBLEMS WITH CONSTRICTED THORACIC BREATHING

During constricted chest breathing both inhalation and exhalation are
hesitant and tentative. This breathing pattern is not common among
_experienced yoga students, who have a large repertoire of more useful
forms of breathing, but you see it occasionally in beginning classes. And
‘once in a while during the course of a classroom demonstration you’ll even
‘hear someone say “That’s how I always breathe!” The abnormal upper
‘body tension associated with this form of breathing is palpable—both
literally and figuratively—in faces, necks, and shoulders.

Habitual chest breathing not only reflects physical and mental problems,
it creates them. It mildly but chronically overstimulates the sympathetic
hervous system, keeping the heart rate and blood pressure too high,
Precipitating difficulties with digestion and elimination, and causing cold
and clammy hands and feet. In common usage chest breathing is known as
“shallow” breathing, and if you watch people breathe in this fashion for
any length of time you will notice that every once in a while they will sigh,
yawn, or take a much deeper breath to bring in more air,

If you really want to understand shallow breathing you have to experi-
ment with yourself. In either a supine or upright posture, try taking 2030
Constricted thoracic breaths, lifting only the upper part of the chest. Be care-
ful not to move the abdomen, and try to keep the lower part of the chest from
“moving. To do this you have to keep the abdominal wall rigid and hold the
lower part of the sternum and the lower ribs still. If you are healthy this will
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give you an unusual and unsettling feeling, and pretty soon you'll have ar
irresistible urge to take a deep breath—if not two or three. You’ll wonde:
how anyone could possibly develop this breathing pattern as a lifetime habit

Chest breathers often feel short of breath because constricted thoraci
breathing pulls most of the air into the upper portions of the lungs. Bu
when we are upright it is the lower portions of the lungs that get most «
the blood supply. Why? The pulmonary circulation to the lungs is a low
pressure, low-resistance circuit in which the average pressure in th
pulmonary arteries is only 14 mm Hg. By contrast, the pressure in arteric
of the systemic circulation averages about 100 mm Hg (chapter 8). The 1
mm Hg pulmonary arterial pressure is more than enough to perfuse bloc |
into the lower parts of the lungs, but it is inadequate to push the blood in! ,
the upper parts of the lungs. This means that when you are takir |
constricted thoracic inhalations, you are bringing the bulk of the air ini
the parts of the lungs that are most poorly supplied with bleod. You car t
make efficient use of the extra ventilation to the upper parts of the lun: «
because of the poor circulation, and yet you get scanty ventilation to tl »
lower parts of the lungs that are getting the bulk of the blood supply. It =
no wonder those who breathe thoracically need to take occasional breaf
that will fill their lungs from top to bottom.

The disadvantages of constricted chest breathing are ordinarily emph:
sized, but this mode of breathing is occasionally necessary. If you shot
happen to overindulge in a holiday meal and then follow it up with a 1
dessert, try taking a walk. You will notice that the restricted form
thoracic breathing is the only comfortable way you can breathe. A five-m:
walk can be useful. but the last thing you'll want to do en route is to pre
against your stomach with your diaphragm (figs. 2.9 and 2.29b).

o

]
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THE NEED FOR EMPOWERED THORACIC BREATHING

In addition to certain postures in hatha yoga, thoracic breathing wor s
beautifully in aerobic exercise, in which a freer and more vigorous style
thoracic breathing is combined with increased cardiac output. The arous d
heart creates pulmonary arterial pressures high enough to perfuse t €
entire lungs with blood at the same time they are being ventilated from L p
to bottom. In hatha yoga this also happens in a series of briskly execul
sun salutations or in any other postures that stress the cardiorespiratc’y
system, such as triangles (chapter 4) or lunging postures (chapter 7), esp -
cially when performed by beginners. In hatha yoga we also frequently u-€
an empowered and healthy form of thoracic breathing for the comple e
breath (which we’ll discuss later in this chapter) and in most other
circumstances in which you are taking fewer than two breaths per minut -
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PARADOXICAL BREATHING

Empowered chest breathing carried to extremes is paradoxical breathing
(fig. 2.29¢). Try inhaling so deeply that the abdominal wall moves in during
inhalation rather than out. Or imagine a situation which shocks you. Let’s
‘say you dart into a shower thinking that the water will be warm, and
instead find it ice cold. You will probably open your mouth and suck in air
with a gasp. Try breathing this way three or four breaths under ordinary
circumstances and notice how you feel. This is paradoxical breathing,
‘so-named because the abdominal wall moves in rather than out during
‘inhalation, and out rather than in during exhalation (fig. 2.17). Unless
someone is in a state of considerable anxiety, we rarely see this in the
‘corpse posture—it is more common while sitting or standing.

During a paradoxical inhalation, the external intercostal muscles enlarge
and lift the rib cage, lift the abdominal organs and the relaxed diaphragm,
and suck in the abdominal wall. During a paradoxical exhalation, the
‘abdomen moves back out because the rib cage relaxes and releases the
vacuum on the diaphragm and abdominopelvic region.

Paradoxical breathing stimulates the sympathetic nervous system even
‘more than thoracic breathing. In an average class only a few students will have

inhalation

Jﬁsqre 2.17. Paradoxical
thing. During inhalation,

external intercostal and

€r accessory muscles of

piration create a vacuum in

chest that pulls the relaxed
ragm up and the relaxed

lominal wall in. The end

ge of a natural exhalation is

filed by the halftone.
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the confidence to try it enthusiastically, and those who do it for 10-15 dee )
breaths may get jumpy and nervous. This is its purpose: preparation for fighi
or flight. Paradoxical breathing gives you an immediate jolt of adrenaline. T1, .
problem is that some people breathe like that much of the time, making life 4
constant emergency. Our bodies are not built for remaining this keyed up, a1
keeping the sympathetic nervous system in a constant state of arousal is ha:
on the supportive systems of the body. Digestion, circulation, endocri o
function, sexual function, and immune function are all either put on he
or are stressed by continual sympathetic discharge.

SUPINE ABDOMINAL BREATHING

The antidote for chronic thoracic and paradoxical breathing is abdomin !
breathing, or abdomino-diaphragmatic breathing (fig. 2.20d). It is simp -,
natural, and relaxing—especially in the supine position. To try it, lie in (/e
corpse posture, and again place the right hand on the upper part of e
chest and the left hand on the upper part of the abdomen. Breathe so th it
the left hand moves anteriorly (toward the ceiling) during inhalation ) 4
posteriorly (toward the floor) during exhalation. The right hand should n .t
move. Take the same amount of time for exhalation as inhalation. Noti e
that inhalation requires moderate effort and that exhalation seer -
relaxed. This is abdominal breathing. As discussed earlier, it is accon
plished by the respiratory diaphragm.

Because the contents of the abdominal cavity have a liquid character,
gravity pushes them to a higher than usual position in the torso when y:
are lying down. The diaphragm acts as a movable dam against this wall |
abdominal organs, pressing them inferiorly (toward the feet) durir:
inhalation and restraining their movement superiorly (toward the hea:
during exhalation. As the diaphragm pushes the abdominal organs inferior
during inhalation, the abdominal wall is pushed out, thus pressing the leii
hand anteriorly.

We perceive the gravity-induced exhalation as a state of relaxation, bt
careful observation will reveal that the diaphragm is actually lengthenin
eccentrically throughout a supine exhalation. In other words, it is resistin
the tendency of gravity to push the diaphragm superiorly. You can feel th!
for yourself if you breathe normally for a few breaths, making the breat
smooth and even, without jerks, pauses, or noise. Then, at the end of
normal inhalation, relax completely. Air will whoosh out faster, proving tha
some tension is normally held in the diaphragm during supine exhalations
You can relax the diaphragm suddenly if you like, but exhalations that ar
restrained actively are more natural, at least for anyone who has had som¢
training in yoga.

G VOLUMES AND ALVEOLAR VENTILATION
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ace the abdominal organs and the dome of the diaphragm ride to a higher
an usual position in the chest in a supine posture, less air than usual is
1oft in the lungs at the end of a normal exhalation. This is reflected in a
creased expiratory reserve volume. You can prove this to yourself if you
the abdominally, first sitting upright and then lying down supine, and

come to the end of a normal exhalation in each case and then breathe out

‘much as possible—all the way down to your residual volume. It will be

ious that the supine position decreases the amount of air you can
the out to about one-half of your upright expiratory reserve volume,
et’s say from 1,000 ml to about 500 ml (fig. 2.18).
) ‘Supine abdominal breathing is both natural and efficient. Using the
: e figures, if you were to maintain a tidal volume of 500 ml when you
supine, you will be mixing that tidal volume with only 1,700 ml of air
ead of the 2,200 ml in your functional residual capacity when you are

right. And because your tidal volume for each breath is getting mixed

‘with a smaller functional residual capacity, you will not need to breathe as

tidal volume 500 ml
functional residual

tidal volume 500 mil
functional residual

tidal volume 500 mi
functional residual

tidal volurme 400 ml
functional residual

capacity 2200 ml | capacity 17700 ml | capacity 1700 m! | capacity 1700 ml
alveolar ventilation | alveolar ventilation | alveclar ventilation | alveclar ventilation
4200 mi/min 4200 ml/min 3150 mi/min 3000 mi/min
blood oxygen and | blood oxygen up; | blood oxygen and | blood oxygen and
carbon dioxide carbon dioxide carbon dioxide carbon dioxide
normal down normal normal

WAYAYAY

N AN

I S Y 1

\VAVAVAV

AR VAR

\VAVAVAV/

time in seconds (sec)

:l'ztﬂbr:ga[:ﬁsturg supine posture | supine posture | supine posture
S 12 breaths/min | 9 breaths/min 12 breaths/min
normal breathing

0 10 20 30 40 50 60 70 BO

Figure 2.18. Tidal volume simulations for abdominal breathing in a sitting posture
{far left), and for three conditions of abdominal breathing in a supine position,
#’le first with alveolar ventilation identical to the sitting posture, second with the
Breathing rate slowed down, and third with the tidal volume decreased.
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deeply or as fast. In fact, if you were to keep your alveolar ventilatio:
constant at 4,200 ml/minute as a textbook norm, the improved efficieney ¢
the alveolar exchange would soon be reflected in increased blood oxyge
and decreased blood carbon dioxide. What happens, of course, is that yo
either slow your rate of respiration or decrease your tidal volume (or botl |
and that keeps blood oxygen and carbon dioxide within a normal range,

SMOOTH, EVEN BREATHING

The corpse posture is a good place to learn one of the most important
gkills in yoga: smooth, even breathing. When you are relaxed and breathii ;
nasally and abdominally, it is easy to inhale evenly, smoothly merge t| .
inhalation into the exhalation, and smoothly exhale. You may pause t
the end of exhalation, but if you do so for any length of time t
diaphragm will have relaxed completely during the pause and you m;
find that you are starting your next inhalation with a jerk. The be t
prevention for that disturbance is to begin your inhalation conscious

just as exhalation ends.

USING A SANDBAG

The movements of the diaphragm are delicate and subtle, and not alwa;
easy to experience, but when you are supine you can place a sandbag th.
weighs 3-15 pounds on the upper abdomen just below the rib cage, and yt
will immediately notice the additional tension needed for inhalation ar
controlled exhalation. Make sure the chest does not move and that tl
weight is light enough to push easily toward the ceiling (fig. 2.22a). Tl »
exercise is valuable both for training and strengthening. It helps studeni
learn to sense the activity of the diaphragm by increasing the amount |
work and tension needed for inhalations (concentric shortening of th
muscular parts of the diaphragm) and for controlled exhalation
(eccentric lengthening of the musecular parts of the diaphragm). Th
cobra variant and the diaphragmatic rear lift (figs. 2.10-11) give th
diaphragm more exercise by requiring it to lift large segments of th
body, but a light sandbag brings the student more in touch with the
delicacy of its function.

Since breathing evenly with a sandbag increases neuromuscular activit;
in the diaphragm, this makes you aware of the challenges involved i1
moving it up and down without starts, stops, and jerks. And developing the
control necessary to accomplish this is an important aid to learning even
breathing. First try it with a sandbag weighing 10-15 pounds to feel =
pronounced increase in muscular activity, and then try it with a book or
much lighter sandbag weighing 1-3 pounds. After you have practiced with
a lighter weight for a while, you will have become so sensitive to the subtle
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tivity of the diaphragm that you will be able to sense its delicate eccentric
ance during exhalation without any weight at all. After about twenty
breaths with a sandbag you’ll also notice that il is natural to stop
hing for a few seconds at the end of an exhalation, and that this yields
moment of total relaxation. Here again, once you have experienced this
11 a sandbag you will notice that the same thing can happen with free
relaxed abdominal breathing.

Caution: Don’t pause the breath habitually. It’s unnatural while inhaling
d exhaling, or at the end of inhalation, so those times are not usually a
oblem, but at the end of exhalation, it’s tempting. Don’t do it except as an
_experiment in understanding the operation of the diaphragm. The medical
Jore in yoga (the oral tradition) is that the habit of pausing the breath at the
‘end of exhalation causes heart problems.

'@ {E INTERCOSTAL MUSCLES

you are not using a sandbag, the extent to which the intercostal muscles
are active during supine abdominal breathing is an open question. They
may be serving to maintain the shape of the rib cage isometrically during
‘inhalation (as in upright postures), but this may not be the case toward the
end of a long and successful relaxation in the corpse posture. At that time
the tidal volume and the minute ventilation are reduced so markedly that
little tension is placed on the rib cage by breathing, and the intercostal
muscles may gradually become silent. It would require electromyography
‘using needle electrodes placed directly in the intercostal muscles to settle
‘the point.

There will be no doubt about the activity of the intercostal muscles
if You use a sandbag for this exercise. Now the diaphragm has to push
the sandbag toward the ceiling, and as its dome descends its costal
attachments pull more insistently on the base of the rib cage than
would otherwise be the case. This pull can be countered only by
_iknmetric tension in the intercostal muscles; you can feel it develop
instantly if you make a before-and-after comparison, first without a
sandbag and then with one.

ABDOMINAL BREATHING IN SITTING POSTURES

We discussed abdominal breathing in the supine corpse posture first
because in that pose we find the simplest possible method of breathing: the
diaphragm is active in both inhalation and exhalation, the intercostal muscles
act only to keep the chest stable, and the abdominal muscles remain
ompletely relaxed. Abdominal breathing in sitting postures is quite different.
First of all, when we are upright, gravity pulls the abdominal organs
-inferiorly instead of pushing them higher in the torso, and this is what
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causes the shift in expiratory reserve volumes from approximately 500 1 ]
in the supine posture to about 1,000 ml in the upright posture. It al o
means that the diaphragm cannot act as purely like a piston as it can
supine and inverted postures.

The other major difference between supine and upright abdomiy 4]
breathing is that when we are upright we can choose between exhal Iz
actively or passively. We can simply relax as we do when we sigh, allow g
the elasticity of the lungs to implement exhalation, or we can as st
exhalation with the abdominal muscles, which we do in many yoga breath g
exercises and for all purposeful actions such as lifting a heavy weight p
yelling out a command. A quiet breathing pattern with relaxed exhalatic 1
is simpler, so we'll look at that first.

ABDOMINAL BREATHING WITH A RELAXED ABDOMEN

Breathing abdominally with a relaxed abdomen is a prelude to meditat -e
breathing because it gives one an opportunity to understand the sul le
problems involved with breathing quietly. To begin, sit straight in a ch. i,
Don’t slump but don’t pitch yourself forward with an arched [umi ir
lordosis, either. Make sure the lower abdomen is not restrained by ti; 1t
clothing. Because the abdominal muscles wrap around to the rear it is bet r
not to lean against the back of the chair. Now breathe so that the lov
abdomen moves outward during each inhalation and comes passiv: ly
inward during each exhalation. Breathe evenly and nasally, making su e
the chest does not move. The abdominal muscles have to be complet: 1y
free. If they are even mildly tensed you will not be doing abdominal breathiy .
Notice, even so, that the abdominal movement is minimal and that the r:
of the body is stable except for a slight backward movement of the he
during inhalation (fig. 2.19).

When you are sitting, the two most critical moments for relaxed, ev:
breathing are at the transitions—one between inhalation and exhalatio .
and the other between exhalation and inhalation. These are the tim -
when the breath is more likely to jerk or become uneven. But if you imagi -
that your breath is making a circular pattern it is easier to accomplis |
these transitions smoothly. Pretend you are on a Ferris wheel. Going up
inhaling; coming down is exhaling. The upward excursion smoothi
decelerates to zero as you circle up to the top; the downward excursio
smoothly accelerates from zero as you start coming down. At the botton
Jjust the opposite happens: a downward deceleration (exhalation) merge -
smoothly into an upward acceleration (inhalation).

If you are riding a real Ferris wheel with your eyes closed you know yot
have reached the top and bottom of its circular movement by feel—the onl:
time there is a jerk is when it stops to let someone off. And therein lies the nul

—_—
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is little movement or

the dome of the diaphragm

head and neck are pulled
j-fl'ghﬂy to the rear during
inhalation,
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»f the matter. What we want from relaxed, even breathing is no jerks—just
the sensation that you are making a transition from inhalation to exhalation
gﬂd from exhalation to inhalation. The actual pattern of breathing is elliptical
rather than circular, but the image of a Ferris wheel is still useful, espe-
cially for beginners. The main point is that even though no air is moving
mor out at the ends of inhalation and exhalation, you can merge inhalation
with exhalation (and exhalation with inhalation) without effort if you focus
‘on smooth movement along the ellipse. There will be different challenges
at each junction, so we’ll look at them separately.

THE JUNCTION OF INHALATION WITH EXHALATION

The end of inhalation is the least troublesome. Nerve impulses keep
iinpi-ng'ing on the muscle fibers of the respiratory diaphragm even after
exhalation begins, and this operates to smooth the transition between the
end of inhalation and the beginning of exhalation. Picture your inhalation
as you feel it. If you make the transition from inhalation into exhalation in
slow motion, initiating your exhalation ever so slowly, you will feel a slight
hesitation as you start to exhale, which reflects the continuing flow of
nerve impulses into the diaphragm as its dome begins to ascend. If you
have healthy breathing habits little effort is needed to tune this mechanism
delicately and make an even transition from inhalation into exhalation, but if
you find yourself holding your breath at the end of inhalation it is better to
first concentrate on breathing evenly in bending, twisting, and inverted
postures—the poses themselves correct bad habits.

Figure 2.19. Abdominal, or
abdomino-diaphragmatic
breathing. During inhalation,
the lower abdomen comes
forward and the dome of the
diaphragm descends. There

inhalation
= 0y

enlargement of the rib cage,
although the external inter-
Costal muscles are active
€nough to keep the chest
from collapsing inward as

is pulled downward. The
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[Technical note: In an upright posture the diaphragm continues to receive nery .
impulses as its dome starts to rise during exhalation, but referring to its muscul:
components as lengthening eccentrically during that time would be puslung the u:
of the term eccentric too far. The phrase eccentric lengthening is customar:
applied only to a muscle’s resistance to the force of gravity. There is no doubt th
eccentric lengthening of the dmphragm occurs during exhalation in a supi -
posture and even more obviously in inverted postures (in other words, gravity ai.
exhalation and the diaphragm resists as its muscular components lengthen), but
am not using the term eccentric here because the primary cause of the upws
excursion of the diaphragm during relaxed exhalations in an upright posture is {
elasticity of the lungs, not gravity. On the contrary, under these circumstances gray
actually has the opposite effect: rather than aiding exhalation and resisting inhalati
in upright postures it resists exhalation and aids inhalation. Why? The liver is firn .
adherent to the underside of the diaphragm (this association is shown artificiz
dissected and pulled apart in fig. 2.9), and the heart is situated just above {
diaphragm. Under these conditions the force of gravity tends to pull all three (1
liver, the dome of the diaphragm, and the heart) down at the same time, mildly aidi
inhalation and restricting exhalation rather than the other way around. |

=

s

THE JUNCTION OF EXHALATION WITH INHALATION

As exhalation in an upright posture continues, the diaphragm finally relax
and toward the end of exhalation its motor neurons have largely ceased

fire. This makes it difficult to negotiate a smooth transition between the e
of exhalation and the beginning of inhalation because the motor neuror -
create a jerk in the system when they start firing again, something lil
starting a cold car that cranks in fits and coughs before it runs smooth

In an average beginning class, two or three times as many students w
find it more difficult to avoid a discontinuity at the junction of exhalatic
and inhalation than at the junction of inhalation and exhalation.

-

—

ABDOMINAL BREATHING WITH ACTIVE EXHALATIONS

It is very easy to remedy the jerk at the beginning of inhalation. All yo
have to do is maintain tension in the abdomen throughout exhalatio:
especially toward the end, and merge that tension into the cycle of inhalatior
If you are uncertain of how to do this, first learn to emphasize exhalation i
a contrived situation. Purse the lips so that only a small amount of air cai
escape, and blow gently as if you are blowing up a balloon. Notice that thr
abdominal muscles are now responsible for the exhalation. Keep blowing a
long as you can. After you reach your limit notice that inhalation is passive
especially at its start. Why? If you have exhaled almost to your residua
volume, the chest will spring open passively and the abdominal wall will
spring forward of its own accord, at least until you have inhaled your
normal expiratory reserve volume. Then, as you begin to inhale your
normal tidal velume, the diaphragm begins its active descent.

After you have gotten a feel for exaggerated exhalations, try even
abdominal breathing while you are sitting in a chair. Again, your clothing
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nst be loose so there are no restrictions on the movement of the lower
hdomen. Begin by taking 2-second exhalations and 2-second inhalations.
Jagine the ellipse, the exhalation going down and the inhalation going up,
count each second: down, down, up, up, down, down, up, up. Then create
image in your mind in which you are actively pressing in the abdominal
les during exhalation and releasing them forward during inhalation.

riding the ellipse, think “travel down” the ellipse and “push in” the
abdomen for exhalation, and think “travel up” the ellipse and “ease out”
\f,he abdomen for inhalation: down and in, up and out, down and in, up and
out. Assisting exhalations with the abdominal muscles does two things:
it masks any jerks and discontinuities that come from starting up the
;eémtraction of the diaphragm, and even more important, it keeps alive your
intent to breathe evenly.

Q’HE IMPORTANCE OF POSTURE

@'o hreathing technique will work unless you are sitting correctly, as two
‘simple experiments will show. First sit perfectly straight and breathe evenly,
remaining aware of the elliptical nature of the breathing cycle and making
sure that you are not creating pauses or jerks at either end of the ellipse.
‘Now slump forward slightly and allow the lumbar lordosis to collapse. Notice
three things: inhalation is more labored, exhalation starts with a gasp, and
it is impossible to use the abdominal muscles smoothly to aid exhalation.
Breathing evenly is impossible and meditation is impossible. The lesson is
obvious: Don’t slump.

Now sit on the edge of a chair. Keep the lumbar lordosis maximally
arched but lean forward, making an acute angle between the torso and the
thighs. Watch your breathing. The abdominal muscles now have to push
strongly against a taut ahdomen to aid exhalation. Then, at the beginning
of inhalation, if you relax your respiration, air rushes into the airways. Try
restraining inhalation and notice that active abdominal muscles are
Tequired to prevent the sudden influx of air. The lesson here? Don’t lean
3f0rward, even with a straight back.

THE BELLOWS BREATH AND KAPALABHATI

The bellows breath (bhastrika) and kapalabhati are both highly energizing
abdominal breathing exercises. In their mild form they are excellent for
beginners, because they require only that students be acquainted with
€ven abdominal breathing. The bellows breath imitates the movement of
the blacksmith’s bellows, and kapalabhati requires sharp exhalations and
Passive inhalations. The chest should not move very much in either exercise
€ven though the intercostal muscles remain isometrically active.

To do the bellows exercise, sit with your head, neck, and trunk straight
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and unsupported by a wall or the back of a chair. To begin, exhale and
inhale small puffs of air rapidly and evenly through your nose, breathing
abdominally and pacing yourself to breathe in and out comfortably about
30 times in 15 seconds. Keep your shoulders relaxed and your chest still.

The blacksmith’s bellows operates by pulling air into a collapsible chambe:
and then blowing it forcibly into a pile of glowing coals. In the bellows breat}
the diaphragm pulls air into the lungs and the abdominal muscles force it out
And just as the blast of extra oxygen from the air in the blacksmith’s bellow
kindles additional combustion in the coals, so does the additional oxyge
pulled into the lungs by the bellows exercise increase the potential fo
combustion throughout the body.

The bellows is an easy and rewarding exercise if it is not overdone. Th
main problem beginning students encounter is coordinating the actions
the diaphragm and abdominal muscles without breathing thoracically ¢
paradoxically. The secret is to start with active, even, abdominal breathin
Watching yourself in a mirror, breathe evenly, using 2-second exhalatior
and 2-second inhalations (15 breaths per minute). Then gradually increa
your speed, taking 1-second exhalations and 1-second inhalations (
breaths per minute), making sure not to move your shoulders or hea:
your chest up and down. Notice that the entire body is stable durir
inhalation except for the abdomen (fig. 2.20a). Then take one breath pt
second, then two breaths per second, then three, then possibly four. Mal -
sure you give equal emphasis to both phases of the cycle. When and if y 1
lose control, slow down.

Kapalabhati is similar to bellows breathing except that it consists of 1
sharp inward tap with the abdominal muscles, a quick pressing in th:
results in a sharp exhalation. To inhale, just relax. Inhalation 1s passi'
and requires only releasing tension in the abdominal wall (fig. 2.20b). T
the exercise for one breath per second at first, and gradually increase yor ©
speed as you get more confidence and experience.

Kapalabhati is one of the six classic cleansing exercises in hatha yog
and it is especially effective in lowering alveolar carbon dioxide in the low ¢
segments of the lungs. Like the bellows, kapalabhati is not only energizin .
it develops strength and stamina, and it teaches you to coordinate tl
abdominal muscles for skillful use in other exercises such as agni sar
uddiyana bandha, and nault, all of which we’ll discuss in chapter 3.

The physiological correlates of bellows breathing and kapalabhati difft
(fig. 2.21), If we assume a tidal volume of 200 ml for the bellows and 300 11!
for kapalabhati, we'll get 50 ml of alveolar ventilation per breath for ti
bellows and 150 ml of alveolar ventilation per breath for kapalabhati. At
rate of three breaths per second, your alveolar ventilation for the bellow
would be 180 breaths per minute times 50 ml per breath, or 9,000 ml pe
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minute. By contrast, if you take two breaths per second for kapalabhati,
your alveolar ventilation would be 120 breaths per minute times 150 ml per
preath, or 18,000 ml per minute.

Looking carefully at the graph (fig. 2.21), notice not only that kapalabhati
creates more alveolar ventilation than the bellows, but that its functional
residual capacity is smaller. The reason for this is that each sharp exhala-
tion in kapalabhati begins before you have inhaled up to the point at which
_an ordinary tidal inhalation would begin in the bellows. On the other hand,
;];apalabhati is nearly always practiced for a shorter period of time than the
bellows. So even though the projected alveolar ventilation is 50% greater
in kapalabhati, doing the bellows for longer times can easily make up the
difference.

inhalation
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Figure 2.20a. The bellows breath,
ch is accomplished by

eathing abdominally at the rate
4 breaths per second, with

halations and exhalations

ally emphasized and equally

tive. The exercise mimics a

Igcksmith’s bellows, with a tidal

ume of about 200 ml.

Figure 2.20b. Kapalabhati, an
abdominal breathing exercise in
which exhalations are emphasized
by sharply pressing in with the
abdominal muscles. Inhalations
are mostly passive and the tidal
volume is about 300 ml. The
exhalations thrust the head, neck
and chest slightly forward even a;
they drive the dome of the
relaxed diaphragm toward the
head and the abdominal wall to
the rear.
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Which exercise should be learned first? The simplicity and ease of |
moderately paced bellows (two breaths per second) argues for conecentratin
on it first, but if you compare a few seconds of kapalabhati with one minut
of a fast-paced bellows breath, kapalabhati will be the milder exercise an:
less likely to result in hyperventilation. Either choice is fine. After a litt]
experience students naturally adjust the rate, extent, and depth of the
respiration so that both exercises are comfortable.

For beginners the most common challenge of these two exercises is to st: -
relaxed and not breathe diaphragmatically, thoracically, or paradoxical'
The chest and shoulders should remain still except for the moderate impa
on the chest of movements that originate from the lower abdomen. It
easier to accomplish this with kapalabhati because all of the emphasis is «
the lower abdomen. In the bellows, if it is difficult to keep the chest st
the only sclution is to return to even abdominal breathing and start ov
Go slowly enough to maintain control, even if you have to slow down o
30-60 breaths per minute.

-

6000 E
bellows breath kapalabhati
180 breaths/min 120 breaths/min
5000 -
tidal volume 200 mi tidal volume 300 ml
functional residual capacity 2,200 ml | functional residual capacity 2,000 1
4000 —~
minute ventilation 36,000 ml/min : Lt :
et ! ; minute ventilation 36,000 ml/min
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exhalation, inhalation, exhalation, inhalation.
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1000 =y
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Figure 2.21. Bellows and kapalabhati, simulated comparisons. The bellows
exercise is usually faster, but kapalabhati ordinarily makes use of a larger tidal
volume and a decreased functional residual capacity.
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In both exercises it is important not to maintain any tension in the lower
abdomen during inhalation, for if you do, it will impede the downward
displacement of the dome of the diaphragm and force a lateral expansion of
the chest (thoraco-diaphragmatic breathing), or even frankly thoracic
preathing. This is impractical because the chest is a cage—rigid in eomparison
to the abdominal wall—and except for speedy thoraco-diaphragmatic and
thoracic breathing in aerobic exercise, it is unreasonable physiologically and
unsettling neurologically to breathe by enlarging and contracting such an
_enclosure quickly. The most efficient way to breathe rapidly in hatha yoga
exercises such as the bellows breath and kapalabhati is to create most of the
motion in the softest tissues—and that means the lower abdomen. This is
aamer to regulate in kapalabhati than in the bellows because of the extra
‘emphasis on exhalation.

Once you have mastered the technique of quickening the bellows to one
breath per second with even abdominal breathing, it isn’t too difficult to
“increase the speed to over 120 breaths per minute. Serious students
can speed up gradually to 180-240 breaths per minute, and advanced

THE LONG VIEW OF LEARNING AND TEACHING

Bad breathing habits are likely to be insidious, but they are not intractable.
‘Even though they go on 24 hours a day year in and year out, change is still
possible because the respiratory motions are entirely controlled by somatic
‘motor neurons—you have the potential of thinking the actions through
‘and controlling them willfully.
- How to proceed? Whether bad breathing habits involve constricted
Chest breathing, reversing the movement of the abdomen in paradoxical
]h!ml‘hmg, Jerking the breath, or pausing between inhalation and exhalation,
yone who has such problems should first master abdominal breathing.
horaco-diaphragmatic breathing is not advisable at first; it will be
1ally confusing to chronic chest breathers. The best solution for
1 students is a regular practice of a variety of postures in hatha yoga,
1 the corpse posture is the place to start. In the supine position almost
yone can learn to breathe in a way that allows a hand or sandbag
the abdomen to move smoothly toward the ceiling. As soon as problem
hers have that mastered, they should work with abdominal
athing while sitting up straight in a chair, first Just inhaling and
ing naturally. This means: first, making sure that the lower
bmen relaxes completely and protrudes during inhalation, and that
chest does not lift up and out; and second, allowing the abdominal
Scles to remain passive during exhalation, thus permitting the
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abdominal wall to sink back in. It may help to make tiny sighs to insur
that each exhalation is entirely passive.

After mastering abdominal breathing with passive exhalations in a,
upright posture, students should learn to use the abdominal muscles to ai |
exhalation and cultivate even breathing. This will lead naturally to th
bellows breath and kapalabhati. Both of those exercises should I
approached with a sense of experimentation, observation, and pla
Rushing yourself or someone else into developing new breathing habits wi/|
only create anxiety and disrupt rather than benefit the nervous system.

DIAPHRAGMATIC BREATHING

Yogis are not the only ones who know about diaphragmatic breathing (fi
2.29e). Martial artists, public speakers, and musicians are all united in |
praise. But even those who practice it have a hard time describing precise
what they do and how they do it. This is not surprising—it’s a difficu
concept. We'll approach it here by looking at how diaphragmatic breathir
differs from abdominal and chest breathing and take note of how it fee
and where you feel it in the body.

Abdominal breathing, or abdomino-diaphragmatic breathing, bring
your attention to the lower abdomen. If you sit with it for a while .
meditation you will be relaxed, but your attention will be drawn to th
pelvis and the base of the torso. [t is a good technique for beginners, but 1
the long run it results in a depressed, overly relaxed sensation. Thorac:
and paradoxical breathing go to the other extreme. They bring you
attention to the upper chest and spin you off into realms that are not wante
for meditation: heady sensations for thoracic breathing, and tangents ¢
anxiety and emergency for paradoxical breathing. Diaphragmatic breathing
or thoraco-diaphragmatic breathing, is the perfect compromise. It bring
your attention squarely to the middle of the body, to the borderline
between the chest and the abdomen, and from there it can balance anc
integrate the opposing polarities.

Diaphragmatic breathing is also the most natural way to breathe i1
everyday life. Whenever you gear up mentally and physically for any activity.
the additional concentration is reflected in diaphragmatic breathing. And
in the yoga postures that call for it, the effort to maintain the required tension
in the abdominal muscles will bring you more control and awareness of the
torso than any other type of breathing.

DIAPHRAGMATIC BREATHING IN THE CORPSE POSTURE

We'll start with diaphragmatic breathing in the corpse posture. To begin,
lie supine and breathe abdominally for five or six rounds, allowing the
lower abdomen to relax and protrude during inhalation and to drop back
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d the floor during exhalation. Then, to create thoraco-diaphragmatic
ing, hold enough muscle tone in the abdominal muscles as you
e to prevent the lower abdomen from moving anteriorly during that
s of the cycle. You can feel what happens next. Since the tension in the
dominal muscles does not allow the abdominal wall to protrude as the
central tendon starts to descend, the diaphragm can act only at its costal
_certion to lift and expand the rib cage. This draws air into the lungs and
;a'j;_the same time enlarges the upper abdomen, as opposed to the lower. As
;m abdominal breathing, the external intercostal muscles remain active;
you can feel them lengthen actively against the resistance of the hungs’
elasticity as the chest wings out during inhalation, especially toward the
end of inhalation. Diaphragmatic breathing in the corpse posture requires
‘more attention than abdominal breathing, and because of this it is useful
as a concentration exercise and for the deep inhalations and long exhalations
m 2:1 breathing.

SANDBAG BREATHING

In the corpse posture, sandbags of various weights will strengthen and
;ﬁlrt.her educate the diaphragm, intercostal muscles, and abdominal
‘muscles. As mentioned earlier, a sandbag weighing 3-15 pounds is best
for training in abdominal breathing because it can be comfortably
pressed toward the ceiling with each inhalation, and its fall can be com-
fortably restrained during exhalation. The chest is stable, and both the
upper and lower abdomen are thrust anteriorly (along with the sandbag)
by inhalation (fig. 2.22a).

To intensify the exercise and create diaphragmatic breathing, increase
‘the weight of the sandbag to the point at which it is a bit awkward to press
it toward the ceiling. This much weight, about 20-30 pounds for a healthy
young man with good strength, makes it more convenient to breathe
diaphragmatically than abdominally. If you adjust the amount and place-
ment of the weight perfectly, the tension on your upper abdomen will cause
the diaphragm to flare the rib cage out from its base. You have to play with
the resulting sensations and analyze the movements carefully. In this case
{fig. 2.22h), if a 25-pound bag of lead shot is placed just beneath the rib cage,
inhalation lifts the chest and upper abdomen up and forward, but the
‘movement of the lower abdomen is checked, at least in comparison with
abdominal inhalation shown in fig. 2.22a.

If you increase the weight even more, to 30-50 pounds or so, you will
create so much tension in the abdomen that the dome of the diaphragm
1S unable to descend at all. In that event the only way you will be able to
breathe comfortably will be by lifting the upper part of the rib cage and
breathing thoracically (fig. 2.22¢). Placing two 25-pound bags of lead shot




122 ANATOMY OF HATHA YOGA

on the abdomen creates two results: it requires that there will be a
substantial increase in the anterior displacement of the upper chest during
inhalation, and it holds the middle and lower portions of the abdomen fixed

in position.

BREATHING IN THE CROCODILE FPOSTURE

If you still have trouble sensing the ways in which abdominal anc
diaphragmatic breathing operate and differ from one another, the distinc
tions will become more clear if you try breathing in two variations of the

inhalation

Figure 2.22a. Abdominal, or abdomino-diaphragmatic breathing, with a
14-pound sandbag. The diaphragm pushes against the abdominal organs,
ultimately pressing the abdominal wall and sandbag toward the ceiling.

inhalation

Figure 2.22b. Diaphragmatic, or thoraco-diaphragmatic breathing with a 25-
pound bag of lead shot. The extra weight is somewhat more difficult to lift thar
the 14-pound sandbag, and this creates more of a tendency for the rib cage to
be enlarged from its base than for the weight to be pushed toward the ceiling.

inhalation

Figure 2.22c. Thoracic breathing, as required by 50 pounds of weight placed
on the abdomen and lower border of the chest. After a modest downward
excursion of the dome of the diaphragm (inhalation), its muscle fibers remain
in a state of isometric contraction and the brunt of inhalation must be borne

by the external intercostals.
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crocodile posture. First, to experience abdominal breathing, lie prone, with
the feet apart, the elbows flexed, and the arms stretched out in front. Your
‘hands should be pulled in enough for the forehead to rest on the bony part
of the wrist. This is the most relaxed variation of the crocodile (fig. 2.23).
The position of the arms restricts thoracic breathing, the position of the
chest against the floor restricts diaphragmatic breathing, and the position
of the lower abdomen against the floor restricts what we conventionally
think of as abdominal breathing. Still, in a modified form, abdominal
breathing is what this is, with the hips and lower back rather than the
front of the abdomen responding to the rise and fall of the dome of the
diaphragm.

Abdominal breathing in this sleepy, stretched-out crocodile requires a
‘more active diaphragm than abdominal breathing in the supine position.
‘Why? The weight of the entire torso against the floor in the prone position
restrains inhalation more than the weight of the abdominal organs by
‘themselves in the supine position—it feels something like breathing in the
corpse posture with a lead apron spanning your entire chest and abdomen.
1If you make a nominal effort to breathe evenly, the diaphragm also has to
work more strongly to restrain exhalation. At the end of exhalation, of
‘course, it can relax completely, just as it does in the corpse posture.

Next, to experience an unusual form of diaphragmatic breathing, lie in
‘the more traditional easy crocodile with the elbows flexed and the arms
at a 45-90° angle from the torso. The hairline should rest against the
forearms. Adjust the arms so that the lower border of the chest is barely
touching the floor. This arches the back and creates a mild backbending
{msture (fig. 2.24). Now we are entering complex and unexplored territory.
The lower abdomen still cannot protrude because it is against the floor:
thoracic breathing is restricted by the extreme arm position even more
‘than in the previous posture; and the attempt of the diaphragm to descend
18 checked because the base of the rib cage and upper abdomen is still held
In position. The only parts of the body that appear to yield for inhalation

inhalation
ure 2.23. A specialized type of abdominal breathing created by a stretched-

crocodile posture. The floor cannot yield to the descending dome of the
phragm during inhalation, so the lower back and hips are lifted by default.
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are the lower back and hips (fig. 2.24), just as in the stretched crocodil
Isolated comparisons of the dashed superimpositions for inhalations
these two postures is not helpful to our analysis, however, because t| -
experience of breathing in them is completely different. Although it is nt
reflected in the photographs, inhalation in the beginner’s erocodile creat -
a characteristic tension at the base of the rib cage which is absent in t! o
stretched-out posture. For that reason we can—indeed we must—classi y
breathing in the beginner’s crocodile as thoraco-diaphragmatic breathir,

DIAPHRAGMATIC BREATHING IN SITTING POSTURES

To experience the center-of-the-trunk sensation that characteriz »
diaphragmatic breathing in sitting postures, sit upright in a chair and fi;
review abdominal breathing as a basis for comparison. Then to breat! -
diaphragmatically, inhale gently while holding just enough tension in tI -
abdominal muscles to make sure that the lower abdomen is not. displac:
anteriorly during inhalation. There is a sense of enlargement in the low. -
part of the chest and a feeling of expansion in the upper part of {i
abdomen just below the sternum. The lateral excursion of the rib cage ([i.
2.25a) is more pronounced than the anterior movement (fig. 2.25b), but yc
may have to take a few slow, deep inhalations to confirm this.

All of these observations will be lost on chest breathers because 1]
difference between the mild lower abdominal tension that creat:
diaphragmatic breathing and the frank rigidity of the entire abdomin |
wall that is associated with constricted thoracic breathing is far too subt
for them to feel and comprehend. They will get mixed up every time, /
discussed earlier, anyone who has the habit of chronic chest breathin
should not try to do thoraco-diaphragmatic breathing until they has
become thoroughly habituated to abdominal breathing. Their first go.
must be to break the habit of constricted chest breathing forever.

inhalation
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HOW DIAPHRAGMATIC BREATHING AFFECTS POSTURE

f you examine your body carefully when you are breathing diaphrag-
ically in the easy crocodile (fig. 2.24), the cobra (fig. 2.10), or the
phragmatic rear lift (fig. 2.11), you will notice that inhalation raises your

re up and back, and that exhalation lowers it down and forward. This
aciple also holds true when you are standing, sitting straight, or even
Jounging in a soft chair. During inhalation in all such postures the head
mﬁves back, and during exhalation it comes forward. During inhalation the
mxmf lordosis (the forward arch in the neck) decreases, thus raising the
head; during exhalation it increases, lowering the head. The shoulders
move back during inhalation and forward during exhalation. The thoracie
kyphosts (the posterior convexity in the chest) decreases during inhalation
and increases during exhalation. Finally, if you are sitting straight the
Alumbar lordosis increases during inhalation and decreases during exhalation.

inhalation
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Figure 2.25a. Diaphragmaltic,
or thoraco-diaphragmatic
breathing, from a front
view. Holding moderate
tension in the abdomen
dictates that the diaphragm
will cantilever the base of
the rib cage out and up (the
“bucket-handle” analogy).

Figure 2.24. Objectively, this beginner’s crocodile posture again appears to lift
the lower back and hips as in abdomino-diaphragmatic breathing, but appear-
ances can be deceiving. The subjective feel of the posture is that the mild back-
bending position severely restricts lifting of the lower back; more emphasis is
felt at the base of the rib cage. For that reason, and because the extreme arm
position also restricts thoracic breathing, this posture is admirably suited for
training in thoraco-diaphragmatic breathing.

Figure 2.25b. Diaphragmatic
breathing from the side,
illustrating the forward
movement of the chest
when moderate tension is
held in the abdominal
muscles during inhalation.
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The movements are subtle, but if you purposely try to make them in the
opposite direction, you will see instantly that they are contrary to the normal
pattern.

An understanding of these principles is of practical value to meditators
because they can take advantage of the slight postural changes causec
by breathing to adjust and improve their sitting postures. Try it. Si
comfortably on the edge of a straight chair and breathe evenly anc
diaphragmatically in a cycle of 4-6 seconds for each round of inhalatio:
and exhalation. Resolve not to make noticeable movements for the nex
five minutes. Now, with each inhalation lift your posture, allowing th
inhalation to pull the head back. flatten the thoracic kyphosis, an
increase the lumbar lordosis. These adjustments should be so slight th=
they are barely perceptible, even to the practitioner. Press the abdome
in actively during each exhalation so as not to lose ground. Pretend thz
the breath is acting like a ratcheting mechanism on a pulley that
lifting a weight. With each inhalation you gain a single cog, and durin
exhalation the ratchet prevents the weight from falling. You can al:
imagine that the breath is a thread which lifts the posture durin
inhalation and then holds it from falling during exhalation. The resol
not to move in this exercise is critical, so good concentration is require:
If you make adjustments that are externally visible, the body accepts th
habit of moving, and the posture deteriorates when concentration lapses

Next check the effects of diaphragmatic breathing when you al
slouched. You will notice the same problems you encountered with abdomin
breathing in a slouched posture: labored inhalations, an inability to sta
exhalations without gasping, and the difficulty of using the abdomin.
muscles to aid exhalation. The entire torso is lifted up and back with eac
breath, but each exhalation drops it forward. You can see an extreme examyj.
of this if you dip your head forward while you are slouched. Each inhalatic
rolls the body up, and each exhalation rolls it down.

Now try sitting perfectly straight (but without arching your torso forwar |
from the hips). Notice that the posture itself defines diaphragmatic breathin
Unless you are too flabby, the abdomen is held taut enough by the postu
to make abdominal breathing inconvenient. You can play with the edges
this. Hold the posture less rigorously, and you will see that you begin |
breathe ahdominally. Sit straight, and the taut abdomen will force you |
breathe diaphragmatically. Carrying this to an extreme, if you ben
forward from the hips markedly while maintaining a prominent lumbz
lordosis, the abdomen gets so taut that inhalation becomes very laboriou:
You will then either have to resort to chest breathing or make excessive effor

to breathe diaphragmatically.
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EVEN DIAPHRAGMATIC BREATHING

Many of the principles underlying even abdominal breathing apply to
even diaphragmatic breathing as well. Make sure there are no jerks in
your breath. This is more difficult in diaphragmatic breathing than it is
in abdominal breathing because the process is more complex and you
are constantly monitoring the tension in your abdomen. Until you get
accustomed to doing this, it may create slight disruptions during
inhalations.
Be careful that you are not creating a pause at the end of inhalation.
This is less of a problem in diaphragmatic breathing than it is in abdominal
breathing because the additional tension in the abdomen (as well as the
focus of mental attention at the junction of the chest and abdomen) keeps
the diaphragm in a state of tension well into exhalation. Be even more
wabchﬁll that you are not creating a pause at the end of exhalation. As with
abdominal breathing, it is important to assist exhalation with the abdominal
muscles, causing that part of the cycle to flow smoothly and naturally into
the inhalation. As inhalation proceeds, however, there is an important
ﬁiﬁ'erence between abdominal and diaphragmatic breathing: during
abdominal breathing, the abdominal muscles facilitate even breathing only
at the beginning of inhalation, but during diaphragmatic breathing, they
main active throughout inhalation so that their isometric tension can
force the diaphragm to spread its costal attachment laterally and enlarge
the rib cage.
Breathe through your nose, and try not to create noise. If your breath-
mg is noisy, you may have to work with cleansing, diet, allergies, and
breathmg exercises to solve the problem, but this is essential. Noisy
breathing will distract your mind as long as it lasts.
_ Observe in your mind’s eye the elliptical nature of the breathing cycle.
Smoothly decelerate your rate of inhalation and merge it into exhalation
_Exﬂﬁtly as you would round off an ellipse at the top of a chalkboard.
&m’mthly accelerate your exhalation under the control of your abdominal
musclea as you draw the chalk down the ellipse; smoothly decelerate your
thalatlon and merge it into the inhalation as you carry your mark around
the bottom of the ellipse.
i Unti_l you have mastered even breathing don’t try to lengthen your
Aiations and exhalations. A 2-second inhalation and a 2-second inhalation
fine, _or a little faster or slower. The longer you try to make the cycle, the
nore difficult it is to make it even. So be completely natural at first with-
it thinking of trying to accomplish anything.
\fter several months of practice you can slowly work up to making your
aths longer, so long as you are still not jerking, pausing, or making
. If you are taking fewer than six breaths per minute, you will be
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adding a thoracic component to diaphragmatic breathing, which mear
that you are activating the external intercostal muscles concentricall
especially toward the end of inhalation. You will also be pressing mor
insistently with the abdominal muscles to lengthen the exhalation. And
you carry this to an extreme, going slowly, you will finally approach breathin
your vital capacity with each cycle of exhalation and inhalation. This is th
complete breath, our next topic.

THE COMPLETE BREATH

The complete breath is one of the simplest and yet most rewarding of
the yoga breathing exercises. To begin, breathe in and out a few tim
normelly and then exhale as much as possible, all the way down to yor -
residual volume. Then for the complete breath inhale as much as possibl
which will be your vital capacity (fig. 2.20). Continue by exhaling and inhalir |
your vital capacity as many times as you want.

This is a lot of ventilation even if you breathe slowly. If you inhale ai |
exhale your vital capacity three times in one minute, your minute ventil -
tion will be 14,400 ml per minute (4,800 ml per breath times three breat! -
per minute), and your alveolar ventilation will be 13,950 ml per minu
(4,650 ml times 3 breaths per minute). After just six such breaths yor ©
blood gases will have shifted perceptibly—arterial oxygen will have movel
from perhaps 100 mm Hg to 120 mm Hg and arterial carben dioxide fro 1
perhaps 46 mm Hg to 35 mm Hg (fig. 2.27). For this reason the comple
breath is both cleansing and energizing, but if you do it slowly and even
it will also produce a sense of calm and stability.

You can practice the complete breath when you are sitting, standing,
lying down, but it is most commonly done in a supine position with t 2

inhalation

Figure 2.26. The complete
breath, or inhalation and
exhalation of the vital
capacity. The halftone
shows a profile of the
fullest possible exhalation,
and the dotted outline
shows the fullest possible
subsequent inhalation.
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hands stretched overhead, usually at the end of a class or at the end of a
eries of sun salutations. Most instructors will suggest filling the lungs
from below—expanding the lower, then the middle, and finally the upper
parts of the lungs.

A common and less extreme variation of the complete breath is to simply
inhale and exhale your inspiratory capacity instead of your vital capacity, and
unless the instructor specifically asks you to exhale as much as you possibly
can before starting the complete breath, inhaling and exhaling the inspiratory
capacity is what most people will do naturally.

[Techl?ica] note: In at_:ldit_ion to the proven anti-aging effects of a calorie-restricted
and high-nutrition diet in experimental animals, the ability to guickly inhale a
con].l]:l.c_ldll)!.ls vital capacity appears to be one of the most reliable predictors of
longe"vlty‘ln humans. _Whether this argues for the principle of trying to increase
your msl:‘ur?tory and vital capacity is not so certain, but it certainly can’t hurt any-
one who isin good enough health to do the postures. In chapter 3, we’ll concentrate
exercises that foeus on exhalation rather than inhalation—increasing your vital

ity by developing the ability to exhale your full expiratory reserve volume and
nize your residual volume.]

five normal breaths, . g
beginning with an inhalation exhalation

5000 |—exhalation and ending Val=se 10 sec

with an inhalation;

alveolar ventilation is /
oo 4,200 mifmin; blood
m [ oxgen level is 100

mm Hg; blood carbon
dioxide is 46 mm Hg

TN ARV
IR R ERVAR

lhree‘comqlete breaths, alveolar ventilation is 13,950
ml/min; estimated final blood oxygen is 125 mm Hg;
estlmatelbd final blf:od carbon dioxide is 35 mm Hg

|
0 10 20 30 40 50 60 ?:0 Elicl 90

time in seconds (sec)

e 2.27. Simulations of three complete breaths (in this case inhali

ng the vital capacity) following an initial exhalation of the e:;;:';%nand

ve mlumg. Even though the subject is only taking three breaths :cuarry

ite, bl:eathmg in and out the full vital capacity a few times is expected to
dly increase blood oxygen and decrease blood carbon dioxide.
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ALTERNATE NOSTRIL BREATHING

One of the best breathing exercises for calming the nervous system s
alternate nostril breathing, or nadi shodanham. This is a concentrati n
as well as a breathing exercise, and it is possibly the single most imp« r-
tant preparation for meditation in hatha yoga. There are dozens ,f
variations to suit differing needs, abilities, and temperaments. At oe
extreme, mental patients, flighty or hyperactive children, or anyone v o
has difficulty concentrating can simply sit up straight, rest their elbe vs
on a desk, press the right nostril shut with the right index finger, & id
exhale and inhale three times. Then they can press the left nostril s/ at
with the left index finger and again exhale and inhale three times. T is
simple exercise can be repeated for 5 minutes at a pace of 1- to 2-sec d
exhalations and 1- to 2-second inhalations (15-30 breaths per minu e)
using abdominal breathing. It trains concentration because it requ s
sitting straight. counting the breaths, switching nostrils at the pr¢ or
moment, and, most important of all, breathing evenly with no no e,
jerks, or pauses.

A slightly more complex version of alternate nostril breathing be ns
with making the classical mudra (gesture) with the right hand, curling ne
index and middle fingers in toward the palm. Closing the right nostril v 1th
the thumb, exhale and inhale once through the left nostril (fig. 2.2 a).
Then, closing the left nostril with the ring (fourth) finger (fig. 2.28b) exJ. ile
and inhale once through the right nostril. Go back and forth like that { r5
minutes. Breathe abdominally or diaphragmatically as your abil  es

permit.

Figure 2.28b. Alternate nostril .
breathing, closing the left nostril witl
the right fourth finger.

Figure 2.28a. Alternate nostril
breathing, closing the right nostril
with the right thumb.
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The following version of this exercise is the one ordinarily taught in
a yoga classes even though it is more elaborate and demanding of
sneentration than the previous exercises. Using the same hand mudra as
r the second exercise, exhale through the left nostril and inhale through
e right three breaths, then exhale through the right and inhale through
left three more breaths. Then breathe three breaths evenly with both
pstrils open. Next, exhale through the right and inhale through the left
ree times, then exhale through the left and inhale through the right
ree times, and again take three even breaths with both nostrils open.
’s 18 breaths. Repeat this three times, for 54 breaths total. As before,
your concentration will be on posture, abdominal or diaphragmatic breathing,
nd, above all, on even breathing. If you can avoid sacrificing even breathing,
pu can slow down to 3-second exhalations and 3-second inhalations, or ten
aths per minute.
If you do this practice three times a day, it centers the attention and calms
mind, and it is therefore ideal for anyone who wishes to remain balanced
nd focused. For a more advanced practice, students will gradually slow
n the pace of breathing until they are finally taking 20-second exhalations
20-second inhalations. Ultimately they will practice pranayama, or
retention (which, as will be discussed shortly, should never be under-
n except under the supervision of a competent instructor).

A TRADITIONAL WARNING

tions to be judicious and respectful of breathing exercises abound in the
ture on hatha yoga. And it does indeed seem from anecdotal reports of
tplorers in this field that the rhythm and record of our respiration
ates throughout the body. It seems to accentuate whatever is in the
ind, whether it be benevolence or malevolence, harmony or disharmony,
e or vice. On the negative side, experienced teachers report that quirk-
of any sort gets accentuated in students who go too far. It. might be
abusive streak, laughing inappropriately, speaking rudely, flightiness,
iness, or nervous tics. Right to left physical imbalances also become
_ erated. Unfortunately, novices often close their ears to warnings:
Ing become addicted to their practice, they will not be denied.
etent teachers of hatha yoga will be watchful of these simple matters
Wary of tutoring refractory students. Even the beginning exercises
assed in this chapter should be treated with respect.

Part from psychological concerns, the special physiological hazards
athing exercises is that they can cause problems without giving us
ional signals warning us against doing something harmful. In ath-
the practice of asana, experiments with diet, or just tinkering
‘any object in the physical world, we depend on our senses to tell
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us that we are exceeding our capacity or doing something inadvisab!

n that realm we are dealing wi

But breathing exercises are different. I
ntutored senses, are oft,

phenomena that our senses, or at least our u
unable to pick up, even though they can still affect the body. A:
because of this, advanced exercises should be undertaken only by the
who are adequately prepared. Given such preparation, and given tl
one is enjoying a balanced life of cheerful thoughts, positive feelin
and productive actions, the yoga breathing exercises have the potent
for producing more powerful and positive benefits than any other pract
in hatha yoga. Again, that’s a big claim, but experienced yoga instruct:

will agree.

Witk regpect then le the wte 47/ veyeiralion, i may be a,ﬁ)mgaf
that an acrial’ :;szfj??y eddential 1o /% whalerer i may
le, pusies inlio the mass of the Hood. Sind. thics acr dorven ol
r}f e lungs, lhede vilal, )m.r't‘mgj faving bien domined, /ﬁma
it i no bonges Si? for lvalhing again. ’

— John Mayow, in Tractatus Quinque (1674), quoted from
Proctor’s A History of Breathing Physiology, p. 162.
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an empowered thoracic inhalation

resists 0
being lifted QA

2.29a. Empowered thoracic breathing: inhalation.

2. BREATHING

chest is

expanded
to its near
maximum

ome of the diaphragm resists being pulled toward the head, and

€Dy supports inhalation indirectly.

bdominal wall is relaxed but taut.

‘external intercostal muscles actively lift the chest up and out.

rib cage expands to its near maximum.
ental state is celebratory.
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a constricted thoracic inhalation

chest is expanded
and lifted, but within
the confines of
*shallow breathing”

stationary

abdominal
wall hetd
rigidly

Figure 2.29b. Constricted thoracic breathing: inl.mlation.
1) The diaphragm is reiaxedldand a:;mosl immobile.
inal wall is held rigidly.
Athe bR ostal muscles actively lift the chest up and out.

ternal interc | ctiy : out
3; 11}'1:2 Si)l‘)‘::rage expands Lo within sg!f-:mpnsed and constricted limits.
5) The mental state can become anxious.

2. BREATHING

a paradoxical inhalation

chest
expanded
maximally

abdominal
wall is
pulled in
and up
passively

Figure 2.29c. Paradoxical breathing: inhalation.
1) The diaphragm is completely relaxed and lifted by the chest.
2) The abdominal wall is pulled in and up passively.

3) The external intercostal muscles actively lift the chest up and out.
4) The rib cage expands maximally.
5) Overdone, the mental state can become anxious and panicky.
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an abdominal (abdomino-diaphragmatic) inhalation

intercostal musc . s
are heldinager e
state of isometr

contractionto ke p

the chest from
| collapsing inwar
dome of ) kipslig e
diaphragm ) during inhalatior

is pulled %)
inferiorly

abdominal v !l
is relaxed ar 1
pushed forv. rd
by the actior of
the diaphrac 1

Figure 2.29d. Abdominal (abdomino-diaphragmatic) breathing: inhalation.

f the diaphra !
3 E‘\g ::)Tef :bdominarl)waﬁ is relaxed and pushed forward by the diaphragn

i cles actively hold the chest wall in a stable position.
i; ‘{22 :?;eggztirr:;::szimut the same size in all parts of the breathing cycle

5) The mental state is relaxed and may get sleepy.

m moves down in a fairly simple piston-like action:
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a diaphragmatic (thoraco-diaphragmatic) inhalation

intercostal muscles are
held in a gentle state of
isometric contraction to
permit the chest wall to
be cantilevered up and
out from its lower nm
by the action of the
diaphragm (extent
of this movement is

2\l

b
Jdiaphragm Y\ &
tries to pull %

inferiorl 3\
againsiy =. - greatly exaggerated)
abdominal )
resistance
/ upper abdominal
wall is pressed
cad > out along with
L~ the lower border
of the rib cage
(movement is
exaggerated)
-—__
lower abdominal

wall is held some-

what taut, either
e by a) muscular
resistance, or

b) by sitting or

—— standing straight,
or ¢} by both in
combination

2.29¢. Diaphragmatic (thoraco-diaphragmatic) breathing: inhalation,
diaphragm presses down against the abdominal organs.
abdominal wall is relatively taut, in part from muscular activity.

e intercostal muscles maintain the overall integrity of the chest wall,
1€ rib cage is flared at its base by the costal attachment of the diaphragm.

mental state is clear and attentive, and is focused on the mid-torso.
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CHAPTER THREE
ABDOMINOPELVIC
EXERCISES

".,Qf&m' darez meard ‘Waa;a(kx}{g Uhe solar dyilerme, the arva 0//
the body asiociated with digeition. Slgni sara all lenefitts

lhe M bladder, nervous g dberne, Mxﬂﬁfwy g dlere, and
veprodiclive dyslem. (Ff alf the ezercises Lhis one & the most
&'Ib%é!l'ﬂ.(,) and 5,/ limee 13 very howt, it seery le /Mjﬁ”ﬁe’fzf
atone.

— Sri Swami Rama, in Exercise Without Movement, p. 53.

sure way to develop what yogis call inner strength is to tone the abdominal
. If energy in the arms and shoulders is weak, a strong abdomen can
u an extra edge, but if the abdomen is weak, look out, because even
strongest arms and shoulders are likely to fail you. One of the most
lemorable boxing matches of the century (Muhammad Ali vs. George
an, Oct. 30, 1974) is a perfect example. Ali knew he had lost his edge
dancing around the ring “like a butterfly,” and that he probably couldn’t
unless he adopted unconventional tactics. Suspecting that Foreman
not have the stamina for a long bout, Ali had prepared a steely but
lient belly with thousands of repetitions of sit-ups and other abdominal
cises. He called on this secret strength early in the match, repeatedly
g to the ropes and letting his opponent punch himself to exhaustion.
ity hit in the eighth round—with a few precise strokes Ali brought
an down for the count.

The structural foundation for abdominopelvic strength and energy (this

g like saying someone has “a lot of pep,” or “a lot of guts”) is the
and abdomen, a complex region whose architecture can be under-

Sit-ups. Then we'll be able to make more sense of the general design of
dominopelvic region in relation to the chest and lower extremities,
1 turn will enable us to discuss leglifts, sit-ups, the boat postures, and
ock. These seemingly diverse exercises not only strengthen the
they stimulate abdominal energy by using the abdomen as a fulerum

139
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for manipulating large segments of the body in relation to one another in
the field of gravity.

In the second half of the chapter we’ll shift our attention to the anafomica
perineum and discuss practices that work with that region and with the
abdomen and pelvis in relative isolation, in contrast to the abdominal exercises
which demand use of the body as a whole. The practices in the second half o
the chapter include ashwint mudra, mula bandha, agni sara, uddiyan:
bandha, and nauli kriya. Last, we’ll take a critical look at contraindication

and benefits.

CRUNCHES AND SIT-UPS

If you asked the instructor at your local health club to show you the be:
abdominal exercise, you would probably be told to do crunches. You would |/
down supine, draw the feet in, bend the knees, interlock the fingers behir:
the head, and then pull the upper half of your body into a fourth of a sit-u
just enough to lift your shoulders well off the floor. Then you would lows
yourself back down and repeat the movements as many times as you war
This is not a bad exercise. It strengthens the abdominal muscles and stretche -
the back in one of the safest possible positions. Sit-ups are a different matl
In high school gym classes from years gone by, students used to count ti»
number of rapid-fire sit-ups (jerk-ups, actually) they could do in a minu ¢
with the knees extended and the hands interlocked behind the neck. If y« 1
are strong and under eighteen this probably won’t hurt you, but if you a =
older and have a history of back problems it is likely to make them worse

"The muscles responsible for crunches and sit-ups include both abdomir d
muscles and hip flexors. The abdominal muscles encircle the abdomen & d
extend from the chest to the pelvis. The hip flexors, which are located de:p
in the pelvis (and thus hidden from view), flex the fernur at the hip joir L.
They include the iliacus and psoas muscles (or the iliopsoas, consideri’ &
the two of them together as a team). They run from the pelvis to the upp
part of the femur in the case of the iliacus, and from the Jumbar spine to t 1€
femur in the case of the psoas (figs. 2.8, 3.7, and 8.13)-

Crunches are relatively safe because the knees are bent and the lum bor
region is rounded posteriorly (to the rear). Under these circumstances, {11€
abdominal muscles pull you up and forward, and the iliopsoas muscles d
that movement as synergists by bracing the ilia and the Iumbar region (£ %
3.1). By contrast, if you do sit-ups with the knees straight, the psoas mt =
cles first pull the lumbar spine into a more fully arched position anterior ¥
(to the front), and then they pull the torso up and forward. If you have ba:k
problems, it is this initial pull on the lumbar arch that can create problem
Later in this chapter (fig. 3.212-b) we’ll see several ways to approach sit-v?

exercises more safely.
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THE FOUNDATION OF THE BODY

To understand how crunches, sit-ups, and leglifts operate mechanically, as
well as to lay the groundwork for discussing standing, backward bend?n :
forward bending, twisting, and sitting postures in late’r chapters, we musgt’
look at the pelvis and its relationships with the spine and thighs"m detail

THE HIP BONES AND SACRUM: THE PELVIC BOWL

we'll first examine the pelvic bowl, which is formed from the combination
of the t\fvo pelvic bones (the hip bones) and the sacrum—the lowest of the
ff)ur main segments of the spine. The pelvic bones have two roles: one is to
link the vertebral column with the thighs, legs, and feet; the other is to
éﬂﬁkne (in combination with the sacrum) the base of the t{;rso and provide
:ﬁsd ie;)t:;d f:;j::)e:ork for the pelvic cavity and the organs of elimination
3 ln the fetus each hip bone is made up of three segments: the ilium, the
fﬁc}uum, and the pubis. We often speak of them individually, but in aciults
they are fused together into one piece, with one hip bone on, each side. To
the rear, the iliac segments of the pelvic bones form right and left sacrm:lia,c
Joints with the sacrum (fig. 3.2—4).

To .understand the three-dimensional architecture of the pelvic bowl
there is no substitute for palpating its most prominent landmarks. You car;
&_{tart by feeling the crests of the ilium on each side at your waist]j.;le Th
! tz;hfoits:l::;al tuberosities (the “sitting bones”) behind and below; the‘:‘;
N En = ;‘da;eceosflgpoh:rv;l:;};i{—our weight rests when you sit on a bicycle
._ 'To continue your exploration, locate the two pubic bones in front, just
: .e tl.le gen.itf;ds. Th'ey Join one another at the pubic symphysis, a f"llim-
&0 ;;1: _]:n;t a:lc-lnch keeps tl;ue two.sides of the pelvis locked together

- i:m(.i i 3.2-4); th_elr rami (ramus means “branch”) connect
B 11: onaleach side (figs. 3.2—4). First trace the upper margin
. bone terally. What'you are feeling are the superior pubic

» bony projections that extend into the groin toward the ilium on each

0as muscles (hip flexors) act as synergists to brace the pelvis

tknees. abdominal muscles act as agonists (prime movers)
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cide. An inch or so lateral to the pubic symphysis, these projections a -

overlain by the iliacus and psoas muscles passing out of the pelvis to the

combined insertion on the front of the femur. And beyond the softness

these muscles, the superior pubic rami connect with the ilia, which a -

again easily palpable.

Next locate the inferior pubic rami, which connect to the ischia (figs. 3.2~
To find them, stand with your feet wide apart and locate the bones th
extend from the base of the pubic region inferiorly, laterally, and posterior
They form a deep upside-down V. About halfway back each inferior pu
ramus merges into the next component of the hip bone, the ischium. |
hard to locate the lateral border of the inferior pubic ramus because |
tendons of the adductor muscles (figs. 2.8, 3.8-9, and 8.13-14) are in the w

And in the male it is also difficult to palpate the inside, or medial, bor

of the inferior pubic rami because the penis is rooted in the converg

arms of the V. In the female the medial borders of these bones are m -
accessible. In either case, following them posteriorly will finally lead you. !

the ischial tuberosities.

Returning to the ilium, which continues laterally from each supe!

pubic ramus, you will find a prominent bony point, the anterior supe:
iliac spine, and just below this protuberance, the less obvious anterior infe!
iliac spine (figs. 3.2—4). If your abdomen is not in the way, you will bect

aware of the right and left anterior superior iliac spines when you lie p1 -

on a hard surface. From these landmarks, trace the crests of the ilia later
along the waistline. If you are slender and not heavily muscled, you

poke your thumb inside the iliac crest and feel the top half inch or so of

inside of the pelvic bowl from which the iliacus muscle originates. Ther
you follow the crest of the ilium around to the back, you will come to a =

mass of muscle, the erector spinae, below which the ilium articulates v

the sacrum.

THE SACROILIAC JOINTS AND THE SPINE

The two pelvic bones connect with the rest of the torso through the saci
at the two sacroiliac joints (figs. 3.2-4), which are formed on each sid:
the sacrum at the junction of two rough but matching surfaces (figs. 3.3

6.2)—the lateral surface of the sacrum and the medial surface of the pe '+

bone. Even though these are movable synovial joints whose mating surf:
are bathed in synovial fluid, and even though their matching L-she
groove-and-rail architecture permits some movement in children
healthy young adults, heavy bands of deep fasciae and well defined sacroi:
and iliolumbar ligaments (fig. 3.4) bind the joints together on the outs
and restrain their movement in most people over the age of 25. Athli
young women are notable exceptions; their sacroiliac joints are gener:

ac
de
e
ly
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more mobile than those for men in comparable condition. We'll explain the
nature of the complex movements that are possible at the sacroiliac joint
in chapter 6.

Anatomical differences account for some of the variations in sacroiliac
mobility between men and women, along with the female hormones estrogen
ngesterone, and relaxin. The latter all become especially important in the‘
Jast month of pregnancy for loosening up the sacroiliac joints, along with
the pubic connections in front. All must yield to permit the passage of the
baby through the birth canal.

Internally, the sacroiliac joints sometimes become ankylosed, which
means they have formed a partial or complete bony union. Older men are
particularly apt to develop this condition, and once it begins, their sacroiliac
components can slip relative to one another only with considerable difficulty
and unpleasantness. Such slippage usually happens as a result of a fall, but
any impact that disturbs the partially locked relationship between the two
s of the joint will traumatize the opposing surfaces and probably cause
__extreme pain. Sacroiliac sprains (tears) of the binding ligaments are yet
another problem: in this case they are a common cause of lower back pain.

st of the right ilium left
hipbone
top border of sacrum (mates b
with intervertebral disk
between L5 and the sacrum

left sacroiliac
joint
anterior
superior
lliac
spine

anterior
inferior
iliac spine
left acetabulum

f ~ (socket for hip
joint)

left superior
pubic ramus

pubic
symphysis

left inferior
pubic ramus

& 3.2, The female pelvis, with sacrum and two hi
1 _ ) W o hipbones. The sa
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Because the sacroiliac joints in adults bind the pelvic bones so firmly o
the sacrum, every tilt, rotation, and postural shift of the pelvis as a whi
affects the vertebral column, and with the vertebral column, the ent
body. If you rotate the top of the pelvis posteriorly (which is by definitio
posterior pelvic tilt, or colloquially, a pelvic “tuck”), the top of the sacr
is carried to the rear, and this causes the lumbar curvature to flatten a
lose its lordosis (forward arch), or in the extreme to become roun

]

cABSp @

iy

spinous process of C2 =)
d= !

Figure 3.3. The vertebral
column (far right) is viewed
from its right side, and thus
reveals the sacral articular
surface of the right sacroiliac
joint. The right hip bone
(below and to the left) is
disarticulated from the
sacrum and flipped
horizontally, thus revealing
its inside surface and the ilial
face of the right sacroiliac
joint (Sappey).
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: p-osteriorly. On the other hand, pulling the top of the pelvis forward, which
s defined as an anterior pelvic iilt, increases the depth of the lumbar
lordosis. And if you stand on one foot the tipped pelvis will create side-to-
gide deviations of the spine.
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e 3.4. Pelvic restraining ligaments from the front (above) a
: nd behind (below). The borders of the diamond{-shaped ::azqr:?'l:ri‘clal.l.e
-fiNeum are shown below, and include the anal triangle behind (dotted

J» and the urogenital triangle in front (dashed line), with a shared border
Olid line) connecting the two ischial tuberosities (Sappey).
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THE HIP JOINTS AND THEIR PRIME MOVERS

Most people understand the hip joints intuitively so long as they are deal
ing with a simple imperative such as “hend forward from the hips,” «
understanding that a simple “hip replacement” involves replacing the hea
of the femur with a steel ball that will fit into the hip socket. Questione
beyond that, most people will fall silent; they have no notion of what mak:
up the socket or how movements take place. But now we have begun

develop a distinct image of the pelvic bowl. We have seen how the two pel

bones are united in front at the pubic symphysis and how the pelvic bon
articulate with the sacrum behind, and we have palpated several bor
landmarks on each side. We only need a few more details to complete !

picture.
The acetabulum (socket) for each hip joint is located at the lateral a: 1
inferior aspects of the pelvic bowl (figs. 3.2 and 3.4-5). You can’t feel Lie
acetabulum, but you can feel the bony protuberance just below the joi it
that sometimes bumps into things—the greater trochanter of the fer r
(figs. 3.5-6). If you stand up and locate this landmark near where yo r
hands fall alongside your thighs, you will notice that it moves around s
you swing your thigh back and forth.
ifium

head of fermur (ball)

neck of femur
antern r

SUpe’ f
iliac
spine

greater
trochanter

anter r
infer
iliac
Splﬂ E

supe: "
pubic
ramu

shaft of
fermur
(upper
portion)
attachme 1t
site of pu 1€
symphys!
ischial tuberosity inferior pubic rarr 13

Figure 3.5. Right femur (on the left) as viewed from the front, and right hip
bone (on the right) as viewed from the side. The head of the femur fits snugly

into the acetabulum, forming a ball-and-socket joint (Sappey).
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The pelvic bowl is the foundation for all movements of the thighs at the
. hip joints, including flexion, extension, abduction, adduction, and rotation
o flex the thigh in a leglift (figs. 3.15-17) you contract the psoas and ﬂiacus‘
muscles (figs. 2.8, 3.7, and 8.13), which, as we have seen, run from the pelvis
to the upper part of the femur in the case of the iliacus, and from the
Jumbar spine to the femur in the case of the psoas. For activities such as
lifting each knee (as in running in place), or for stepping forward (as in
walking), the origins of these muscles are on the torso and their insertions
_are on the thighs, but for sit-ups and crunches (fig. 3.1), the origins and
;;gaertions are reversed—the thighs are fixed and the entire body is pulled
‘up and forward.

To extend the thigh actively in a posture such as the locust (figs. 5.15-19)
-you tighten the gluteus maximus muscle (figs. 3.8, and 8.9-10), which takes
“arigin from the posterior surface of the ilium and which has two insertions,
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{4 B
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I‘@_r:it_eﬁor F
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fibrocartilagenous
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ischium and AN
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pubic
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€ 3.6. Right hip bone. femur, and joi i ili

= : , joint capsule, with the iliof

D f:;mural Ilgamer!ts visible in front, and the ischiofemoral |ig,aer.nme?1rlall-|ia(;]¢gg

iy These_ three ligaments in combination become taut during hip exten;;cn
0ose during hip flexion (for example, when the knee is lifted); (from Sappe;;’
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one on the femur (fig. 3.10b), and the other in a tough band of connective
tissue—the iliotibial tract—that runs all the way down past the knee to the
leg (figs. 3.8-9 and 8.12). You can feel the activity of the gluteus maximus
become pronounced if you stand up and pull the thigh to the rear whil
pressing against the gluteal region with your hand. By contrast, man:
other postures such as the camel (figs. 5.34-35) hyperextend the hip join
passively, and this is resisted both by the psoas and iliacus muscles (figs
2.8, 3.7, and 8.13), and by the rectus fermoris component of the quadricep
femoris muscle (figs. 3.9, 3.1, and 8.8-9).

To abduct the thigh. which you do when you lift the foot straight out t
the side, you tighten the glufeus medius and gluteus minimus muscle
(figs. 3.8, 3.10a-b, 8.9-10, and 8.12), which take origin from beneath th
gluteus maximus and insert on the greater trochanter. To adduct th
thighs, which you do by pulling them together, you tighten the adduct«
muscles, which take origin from the inferior pubic rami and insert belo
on the femurs and tibias (figs. 2.8, 3.9, and 8.13-14).

If the muscles of the hips and thighs are strong and flexible, and if yc
are comfortable extending the thighs fully in any standing, kneeling, «
prone posture, you'll finally encounter resistance to extension in a det )
gpiral of ligaments that surround the ball and socket hip joint—t! »

right and left crura of twelfth thoracic
respiratory diaphragim =

(cut ends) 4 vertebra (T12)
right quadratus twelfth ¢

lumborum
. —____lransvers!
psoas minor : abdomini
psoas major left quadrat -
lumborum

crest of e
iliacus left ilium

intervertebral disk cutend of le t
between L5 and the psoas must ?
sacrum
superior put
ramus
greater trochant |

joint insertion of right

fliopsoas combination inferior

pubic
rami

left fermur

Figure 3.7. Deep dissection of the pelvis and lower abdomen revealing the
psoas and iliacus muscles and their conjoined insertions on the femurs.
Their contraction lifts the thighs, thus bringing about hip flexion (Sappey).
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iliofemoral, ischiofemoral, and pubofernoral ligaments (fig. 3.6). You won't
feel this spiral unless you know it is there, but it will become i;lcreasingl
taut as the thighs are extended. When that happens, the head of the femui
is driven into the acetabulum of the pelvic bone in a near-perfect fit, and
“the thigh will extend no more. The spiral will unwind as the thigh:s are
flexed. If this spiral is removed and the hip joint opened up, the head of the
femur and the acetabulum become visible (fig. 3.5). ,
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e 3.8. Right gluteal region and u i i
il pper thigh from behind, wi i
E_ct:con on the left (a)'and deeper dissection on the riglll:t it:rlE:‘hzup: r{nc;al

ay of the gluteus maximus on the right (b) exposes deeper I"I:IUGCIEI; orflih i
- as well as a clear picture of the dual insertion of the gluteus maxim .
ial tract and the femur (Sappey). R




150  ANATOMY OF HATHA YOGA

THE QUADRICEPS FEMORIS MUSCLE

The quadriceps femoris is the largest muscle on the front of the thigh (fig
1.2, 3.9, and 8.8-9) and the foremost anti-gravity muscle in the body. Thr
of its four components, or “heads,” take origin from the femur and act « |
the tibia by way of the patellar tendon. Its fourth head, the f‘ectus fem()f :
(figs. 3.9, 3.11, and 8.8-9), takes origin from the front of the pelvis (the anteri
inferior iliac spine, figs. 3.2-6) and joins the other three components belc
The quadriceps femoris is the muscle, more than any other, that_stal:lds Vi
up from a squatting position. You can test its strength by standing in a «
bent-knee position for 30 seconds with your back flat against a wal! a d
then slowly rising. For those who are older and in a weakened conditic 1,

intervertebral
disk between
L5 and L4

HIHCHS ————
psoas
muscle [

iliotibial tract

quadriceps femoris muscle
(three of the four heads, —
including the rectus femoris,
are visible in this superficial
dissection); the fourth head
of this muscle is located
deep to these three

quadriceps fermoris ter N

patelia

Figure 3.9. Right side of pelvis (deep dissection), right thigh, and right knee, a
viewed from the front (Sappey)-
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this is the muscle that gives them pause when they want to climb up or down
gtairs without holding onto a handrail. It is also Waterloo for inexperienced
skiers who are trying to negotiate a bowl of deep powder for the first time:
they are firmly (even though wrongly) convinced that they have to keep their
weight back and their ski tips visible to avoid toppling over into the snow.
Although that can indeed happen—it's called a “face plant” or “header”™—
most novices overcompensate for the possibility and quickly pay for their
error: quadriceps femoris muscles that are soon burning with pain.

THE HAMSTRING MUSCLES

On the back sides of the thighs are the hamsiring muscles, most of which
have their origin on the ischial tuberosities. Like the quadriceps femoris
muscles, the hamstrings insert below the knee joint, in this case both medially
and laterally (figs. 3.10, 8.10, and 8.12). Tight hamstrings are the bane of
runners—thousands of repetitive strides make these muscles shorter and

er until they are barely long enough to permit full extension of the

ees.
As two-joint muscles that pass lengthwise across two joints instead of
(from the ischial tuberosities of the pelvis all the way to the proximal
s of the tibias and fibulas), the hamstrings contribute both to extension
the thighs at the hip joints and to flexion of the legs at the knee joints.
architectural arrangement facilitates walking and running beautifully,
it creates a problem in hatha yoga. Since the hamstrings reside on the
k sides of two joints—the knee and the hip—each of which is crucial in
own way for forward bending, these muscles are major obstacles to such
vements. [t’s obvious that you could relieve tension on the hamstrings
In forward bends by easing up either on hip flexion or knee extension, but
sing flexion of the hips would be contrary to the whole idea. What
one does naturally is to flex their knees slightly, insuring that the
ing muscles don’t tug so insistently on the base of the pelvis as one
itempts to bend forward. This was the principle involved in chapter 1
we bent the knees before pulling the torso down against the thighs
the standing hamstrings-quadriceps thigh pull, and this is why we keep
knees bent in crunches. It is also why the knees should be bent if you
on doing high-speed sit-ups. Otherwise the hamstring muscles tug on
€ ischial tuberosities from below and ereate too much tension in the
back as you jerk yourself up and forward.

_SPINE AND ABDOMINAL WALL

Pelvic bowl is not merely the link between the thighs and the upper
of the body; it is also the foundation for the torso. Knowing this, if you
t a skeleton, even with one glance, you will sense an immediate cause
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Figure 3.10a. Nerves to muscles of the back of the hip and thigh originate fron
spinal segments L4, L5, $1, and 52, and run down the back of the thigh on the
extensor side of the hip joint. The large sciatic nerve and associated branches
the gluteus maximus emerge from just underneath the piriformis muscle (shov 1
intact in fig. 3.8b, in two parts connected by the dotted lines here in fig. 3.10a
and removed except for its tendon of insertion in fig. 3.10b). Nerves to the glute s
medius, gluteus minimus, and piriformis are shown above, and nerves to the
hamstrings, gastrocnemius, and adductors are shown below. A superficial bran: 11
of the common peroneal nerve swings around to an anterior, subcutaneous, an |
vulnerable position just below the knee (chapter 10); (from Sappey).
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for alarm: there are many bones and much skeletal density in the pelvis
‘and lots of ribs and vertebrae in the upper torso, but there are only five
Jumbar vertebrae connecting the two regions (figs. 4.3—4). This arrange-
‘ment could not provide adequate support to the torso if it were acting
alone. It needs the help of the soft tissues, especially sheets of muscle and
fasciae. To that end the skeleton is supported by a “tube” containing the
‘abdominal organs, a tube that is bounded in front and on the sides by the
‘abdominal muscles, braced posteriorly by the spine and deep back muscles,
capped by the respiratory diaphragm, and sealed off below by the pelvic
diaphragm. The tube runs all the way from the sternum to the pubis in
front but is quite short laterally.
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We have four pairs of abdominal muscles (figs. 2.7, 2.9, 3.11-13, 8.8, 8.1
and 8.13). Three of these form layers that encircle the abdomen, and th
fourth is a pair of longitudinal bands. The external abdominal oblique laye
runs diagonally from above downward in the same direction as the exte:
nal intercostal muscles. If you place your hands in the pockets of a ?ho1
jacket with your fingers extended, the fingers will point in the directlo? i
the external abdominal oblique muscle fibers. The internal abdomin
oblique layer is in the middle. Its fibers also run diagonally but in the opp:
site direction, from laterally and below to up and medially in the san
direction as the internal intercostal muscles. The innermost third layer, th
transversus abdominis, runs horizontally around the abdominal wall fro
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. 11. Torso, with superfidial muscles of the chest and neck, fascia covering th
zgc?;;e :bdon?i:-:g n:“usde:,p:nd the external abdominal oblique muscles (Sappey)-

suspens: Y

3. ABDOMINOPELVIC EXERCISES 155

back to front. These three layers together act as a unit, helping to support
-;'the upper body and contributing to bending, twisting, and turning in a log-
jeal fashion. They are also necessary for coughing, sneezing, laughing, and
yarious yoga breathing exercises.

The fourth pair of abdominal muscles, the rectus abdominis muscles
(rectus means “straight”), run vertically on either side of the midline between
the pubic bone and the sternum. As discussed earlier in this chapter, the rec-
‘tus abdominis muscles are the prime movers (agonists) for flexion of the
gpine in crunches, while the hip flexors serve as synergists for bracing the
pelvis and lumbar region. The roles are then reversed for old style sit-ups, in
which the hip flexors become the prime movers for jerking the torso up and
forward at the hip joints, and the rectus abdominis muscles serve as syn-
ergists for bracing the spine.

THE CAVITIES AND INTERNAL ORGANS

Within the “tube” of the torso are the thoracic, abdominal, and pelvic
cavities, as well as most of the internal organs. The heart, lungs, and
‘esophagus lie within the thoracic cavity, which is bounded externally by the
rib cage and inferiorly by the respiratory diaphragm (figs. 2.6-9). The
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re 3.12. External abdominal oblique and rectus abdominis fascia on
torso’s right side, and internal abdominal oblique and exposed rectus
dominis muscle on the torso’s left side (Sappey).
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stomach, intestines, liver, pancreas, spleen, and kidneys are containe
within the abdominal cavity (figs. 2.9 and 3.14), which is separated from tt: .
chest by the diaphragm, protected posteriorly by the spine and deep bac
muscles, and surrounded anteriorly and laterally by the abdominal musclc
The urinary bladder, the terminal end of the colon, and portions of ti
reproductive systems lie in the pelvic cavity (figs. 2.8 and 3.7) and open
the external world by way of passages through the pelvic diaphragm at tt
base of the pelvic bowl (figs. 2.29a-€, 3.14, and 3.24-26). The pelvic cavity
defined above by the upper limits of the bony pelvis and below by the pelv
diaphragm, but otherwise it is confluent with the abdominal cavity. Thu
we refer to them together as the abdominopelvic cavity (fig. 3.14, lustratic 1
on the right).
Most of the internal organs are not fixed in position but can slide arou i
by virtue of slippery external surfaces: pleural and pericardial membran s
in the chest, and peritoneal membranes in the abdomen and pelvis. With n
the thoracic cavity, the pericardial membranes gurround the heart ai:

enclose the pericardial cavity while the pleural membranes surround t| e
4 and 2.6). Within both L«

lungs and enclose the pleural cavities (figs. 2.
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Figure 3.13. Internal abdominal oblique and exposed rectus abdominis on this
torso’s right side, and transversus abdominis and sectioned rectus abdominis

muscle on the torso’s left side (Sappey)-
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;E'bdgmmal and pelvic cavities, the peritoneal membranes surround the
‘abdominal and pelvic organs and enclose the peritoneal cavity. Like the
plem'al and pericardial cavities, the peritoneal cavities are potential spaces
only, as illustrated by a schematic midsagittal section through this region
(fig. 3.14). These spaces contain only a small amount of fluid which allows
‘the organs to move relative to one another. The most famous trick question
ina medical gross anatomy course is: Name all the organs in the pleural
pencardlﬁl and peritoneal cavities. The correct answer is: None. ,

INTRA-ABDOMINAL AND INTRATHORACIC PRESSURE

Lubricating fluids in the peritoneal cavity impart a liquid character to the
internal organs in the abdominopelvic cavity and allow that region to act
as a hydraulic (having to do with liquid) system. This means that if some-
thing presses against the abdominal wall, hydraulic pressure is transmitted
‘throughout the entire region just like squeezing a capped tube of tooth-
‘paste at one site will cause the tube to bulge out everywhere else. The
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abdominal wall is the soft part of the tube, and the respiratory and pelvi(
diaphragms seal it at either end. A separate unit, the chest, is bounded b;
the rib cage and the respiratory diaphragm. The glottis can seal the ai

within the chest, with the result that the chest can act as a pneumatic (having
to do with air) system. Such a system remains at atmospheric pressure any

time the glottis is open, but if you inhale and close the glottis, the systen
can be compressed (and is indeed often compressed) by the action of th

abdominal muscles and external intercostals.

Even though the thoracic and abdominopelvic regions are anatomicall
independent, the former functioning as a pneumatic system and the lattc
as a hydraulic system, the trunk as a whole operates as a cooperative uni
For example, if you bend over from an awkward position to pick up a heay
object, and if you have to do that with your knees straight, your spine
vulnerable to injury from too much stress on the lumbar region. If yo
were to try that maneuver from a bent-forward position when you a
breathing freely—or even worse, if you were to hold your breath after .
exhalation—the weight of the object would create a frighteningly efficie:
shearing effect on all the intervertebral disks between the chest and th
sacrum. Were it not for our ability to supplement skeletal support with tl -
hydraulic and pneumatic pressures within the abdominopelvic and thorac
cavities, the intervertebral disks in the lumbar region would quickly degenera -
and rupture. To protect yourself you will have to increase intra-abdomin.
pressure, and you can do this with or without the aid of compressed air 1
the chest.

You can protect your spine with respect to how you use your hydrau
and pneumatic systems in one of three ways. First, before you lift you ¢ 1
inhale, close the glottis, and hold your breath. Then you can tighten you r
abdomen, pelvic diaphragm, and internal intercostal muscles all at '~
same time so that the pneumatic pressure in the chest comes into equilibriu 1
with the hydraulic pressure in Lhe abdominopelvic cavity. This allows t! =
respiratory diaphragm to remain relaxed and increases pressure in ti?
torso as a whole. That increased pressure then supports the action of t! -
back muscles in two ways: it creates a taut, reliable unit from which to I £
the ohject, and it produces a lengthening effect on the spine which spreac =
the vertebrae apart and eases strain on the intervertebral disks. (It shou |
be noted that for older people, especially those who might be vulnerable '
cardiovascular problems, this is an emergency measure only, because it wi
result in an immediate increase in blood pressure.)

A second way to protect your back, if you have a strong respirator
diaphragm and know how to use it, is to keep the glottis and airway ope
as you lift, and at the same time press down with the diaphragm, in witl
the abdominal muscles, and up with the pelvic diaphragm. This is a ver

1
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different situation from the first one. Here it is the respiratory diaphragm
rather than the glottis that seals the top of the tube and counters the
action of the abdominal muscles and pelvic diaphragm. Just the same, it
eases strain on the intervertebral disks in the critical lumbar region. The
mam difference between the two techniques is that now the thoracic region
is not involved because the airway is open and intrathoracic pressure is not
The third way to protect the spine, and one that comes naturally to most
of us, is to mix and match the options. Prepare yourself with an inhalation,
partially close the glottis. press down with the diaphragm, and coordinate
your lifting effort with a heavy grunting sound, which is a signal that the
glottls has been partially closed. What happens exactly? You start with an
intent to use method number two—increasing intra-abdominal hydraulic
pressure alone—but augment that effort by increasing pneumatic pressure
m the chest at the precise moment that maximum protection for the back
is needed. This is the choice of championship weightlifters, who continue
to breathe during the easier portions of the lift, and then emit a mighty
grunt to complete it.

_ In all hatha yoga postures that involve bending forward and then lifting
back up in a gravitational field (for practical purposes this means anywhere
but in a swimming pool), it is increased intra-abdominal pressure far more
: ti:m the action of individual muscles that protects and braces the back. If
- you want to strengthen the abdominopelvic region to the maximum, and if
gmu want this region to link the upper and lower halves of the body in the

:Ft.m‘st effective and efficient manner, you will have to exercise the second

E%Dn——kee;;mg the glottis open—when you do the exercises and postures

m rﬁil:}w T]us means alwa}fs placing the burden for creating intra-

@dt}m mls:;;nﬂn‘e on the resplratory‘djaphragm, the abdominal muscles,

ﬂmﬂd - phragm. The first option, holding the breath at the glottis,

b - used only 4s an emergency measure for extricating yourself safely

AT0m a posture that is beyond your capacity.

DOMINOPELVIC ENERGY

: l_s concerned first and foremost with the inner life, and the
ominopelvic exercises are no exception. On the most obvious level yoga
res strengthen the abdominal region and protect the back. But when
do t}}em you also come alive with energy that can be felt from head to
Leglifts, sit-ups, the sitting boat postures, and the peacock all create
S ei?'ecta through manipulating the limbs and torso in a gravitational
=d while you are using the abdominal region as a fulerum for your efforts
nd the harder you work the more energizing the exercise. '
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SUPINE LEGLIFTS

“Safety first” is a wise slogan, and the frailties (or challenges) of th
human frame offer us many opportunities to practice it. If you have not hz
much experience with abdominopelvic exercises, please read the section ¢
contraindications at the end of this chapter before doing them. Even t!
simplest leglifts and sit-up exercises should be approached with cautio
The first rule: Until you know your body and its limitations well, your fir
line of protection is to keep the lower back flattened against the floor asy:
do these exercises. With a little training you can confidently make skillful u- -
of the hydraulic nature of the abdominopelvic region, and after you a
certain of yourself you can explore other options.

SUPINE SINGLE LEGLIFTS

Supine single leglifts are the safest beginning leglifting exercises becau e
they are not likely to strain an inexperienced or sensitive back. Start wi h
the thighs adducted. the knees extended, the feet extended (toes point:d
away from you), and the hands alongside the thighs, palms down. Slov 'y
raise one foot as high as possible (fig. 3.15) and then slowly lower it back o
the floor. Repeat on the other side. Keep breathing. If you are comfortal e
you can try several variations of this exercise. One is to keep the ki e
extended, pull the flexed thigh as close as possible to the head (using the
hip flexors, not the upper extremities), and hold it there for 30-60 secon:s.
And after you have come most of the way down you can hold the foot 1 -
metrically an inch or two away from the floor.

: : : s : 1
i 3.15. Single leglift. This posture is a safe hamstring stretch for the flexec
E%:;ebecauss:ntﬁe p.:,-glvis and lower back are stabilized against the floor.
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What happens in single leglifts is that the psoas and iliacus muscles flex
the hip while the quadriceps femoris muscle keeps the knee extended. The
s femoris (the straight head of the quadriceps femoris) assists in both
ples: it aids flexion of the hip because of its origin on the anterior inferior
jac spine, and it assists the rest of the quadriceps in keeping the knee
extended (fig. 3.9). The posture itself creates the stable conditions that
make single leglifts an easy exercise. First, the hamstring muscles of the
‘side being lifted pull inferiorly on the ischial tuberosity on that same side,
which keeps the pelvis anchored in a slightly tucked position and the lumbar
spine flattened against the floor, and second, keeping the opposite thigh
leg flat on the floor improves the stability of the pelvis and lumbar
e even more. The combination permits flexion of one thigh with little
'ér no stress on the lower back.

THE BICYCLE AND OTHER VARIATIONS

o further prepare for more difficult yoga postures, and to get both lower
extremities into the picture but still without placing a great deal more
stress on the lower back than is occasioned by single leglifts, flex both
draw them toward the chest, and bicycle your feet around and
d. Next, and a little harder, lower your feet closer to the floor and
pump them back and forth horizontally. Intensifying even more, straighten
Yyour knees and press your feet toward the ceiling. This is easy if you have
ough flexibility to keep your thighs and legs perpendicular to the floor. If
can’t do that, bend your knees slightly, and from that position, keep
leg lifted and slowly lower the opposite foot to within an inch of the
bor, straightening the knee on the way down; then raise it back up and
at on the other side. Keeping one foot up while lowering and raising
other is almost as easy as keeping one leg flat on the floor. You can also
a scissoring motion, with the feet meeting midway or near the highest
Lion. And any time you need to create less pull on the underside of the
vis from the hamstrings, bend the knees.

When you do variations that are more demanding than the simple bicycling
ion, you'll find that your abdominal muscles tighten, increasing intra-
dominal pressure and pressing the lower back against the floor in coop-
ion with the respiratory diaphragm. This assumes, of course, that your
ay is open; if you lock it at the glottis, the diaphragm will remain
axed and you will miss one of the main points of the exercise.

FIRE EXERCISE

8001 as you are comfortable doing single leglifts and their variations for
minutes, you can try the fire exercise, named from its energizing
on the body as a whole. To get in position for this one, sit on the
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floor, lean back, support yourself on the forearms, and place the hanc
under the hips or slightly behind them, palms down, or up, if that feels easic
Keeping the feet together, extend the toes, feet, and knees, and draw t]
head forward while keeping the back
slowly lift the feet as high as possible,
the head (fig. 3.16). Slowly come back down,
strength permits. Come up and down as many times as

drawing the extended knees towa:
not quite to the floor if you

strain,
way up and
an inch or so, and hold in that position isometrically.
may have enough strength to do the full exercise.

down is too difficult, simply tighten the muscles, lift the fc
After a few days y.

The fire exercise is intended for breath training as well as for buildi
abdominal strength, and if you watch your breathing carefully, you’ll not -

that the posture feels more powerful when you exhale, As is true for ma
day-to-day activities, inhalation is mostly a preparation for the intens
sociated with exhalation. In the case of the fire exercise, it’s a matter

as
efficiently with intra-abdomii

musecle mechanics: to support the posture
pressure, the diaphragm must be continuously active, and to do this it m
operate within a fairly narrow range with its muscle fibers moderat
stretched and its dome high in the torso. For this reason you will find yo
self exhaling almost as much as you can and taking small inhalations
you take a deep inhalation as an experiment, you will immediately sen:
loss of abdominal and diaphragmatic strength. As always for exercis
as these, unless you are faced with an unexpected emergency keep the

way open, supporting the posture only with hydraulic pressure in

abdominopelvic unit.

Figure 3.16. Fully lifted
position for the fire
exercise. Its key feature
is that the back remains
rounded posteriorly. An
alternative and slightly
easier hand position is
to place them under
the pelvis, palms up-

es 51

rounded. Exhale, and at the same tir

4

you can witho
inhaling as required and always breathing evenly. If coming all t/

L
1
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Like health club crunches, two features of this practice make the fire
exercise safe: the back is rounded posteriorly, and the psoas muscles help
1ift the thighs from a stabilized origin on the inner curvature of the lumbar
gpine (fig. 3.16). If you start with the back straight or less firmly rounded
rgg the rear, the psoas muscles will destabilize the lumbar region by pulling
it forward before they begin to flex the hips; this is fine if your back is
strong and healthy, but too stressful if it is not.

You will immediately sense the difference between the straight and the
curved-to-the-rear positions of the spine if you do the following experiment
First round your back and try the fire exercise in its standard form. Sensé
your stability. Then (provided your back is sound) try lifting your feet after
lowering your head and shoulders to the rear and letting the lumbar region
relax and come forward. The instability of the second starting position will
shock you. The lesson: if you are unable to maintain a stabilized posterior
?leatlirei tilgm’t do the fire exercise. Instead, work with crunches and the
single leglift variations unti
e I you are strong enough to keep the back

THE BASIC SUPINE DOUBLE LEGLIFT

No matter what kind of leglift you try, if you do not do it while keeping your
_r back flattened against the floor in the supine position or rounded to
the rear when the head and upper back are lifted, it has to be considered
_ advanced practice. The supine double leglift is a case in point. Lying flat
h the legs extended, a small amount of space will usually be found
etween the lumbar region and the floor, and if this is allowed to remain
hep the psoas muscles flex the thighs, those muscles will not be pulling
P stabilized lower back that is pressed to the rear, but from a wavering
d inconstant lumbar lordosis. It is therefore essential, before starting the
e double leglift, to press this region to the floor with a posterior pelvic
and hold it there for the duration of the exercise.
T begin the supine double leglift, lie down with your thighs adducted
_. Zﬁt‘z;ld;déxtfe't an(:l toes extenc.led, and hands alongside the thighs:
E . , in order to estal’ah-sh enough intra-abdominal pressure
ate the lumbar region decisively, strongly engage the abdominal
EB‘a‘long with the respiratory and pelvic diaphragms, and holdin
Position tenaciously, slowly lift the feet (by flexing the hJ:pS) as high ai
mlg ((liig 3.17f ) and then lower them to within an inch of the floor. gome
own for as iti g
v ;;any repetitions as you want, breathing evenly
nce the muscular leverage for pressing the lumbar region to the flo
Tom the abdominal muscles, especially from the rectus abdomim?:
z to activate those muscles is the most important part of the exercise‘
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If you cannot get the feel of tightening them when you are lying flat on t!

floor, which is the case for most beginning students who have never be
very athletic, lift your head and shoulders while holding your han
against your abdomen for feedback—it is impossible to lift your upper bc
without engaging the abdominal muscles. Then try to generate that sa
feeling as a preparation for the leglift, but without lifting the upper boc
Double leglifts are difficult not only because they depend on stre
abdominal muscles that are acting in a manner to which they are not acc
tomed, but also because the knees must be kept fully extended. To flex
hips with the knees straight, a tremendous force has to be exerted on
insertions of the iliopsoas muscles at the proximal (near) end of the fen
and this is like trying to lift a board by gripping it with your fingers at
end. The rectus femoris muscles aid leglifts as synergists because they
pulling from the front of the pelvis to their insertions on the patella (kneec

instead of from the pelvis to the proximal portion of the femur, but e -

with help from these muscles, the exercise is still a test of strength
many students. The endeavor is further complicated by the fact that ke

ing the knees straight during the leglift stretches the hamstring musc «
which are antagonists to the iliacus, psoas, and rectus femoris musc .

That stops a lot of people in a hurry.

TRAINING ALTERNATIVES

There are fewer sights more unnerving to a yoga instructor than watch -
a group of beginners struggle with double leglifts, permitting their lum -
regions to lift off the floor as they start to raise their feet, and at the s
time holding their breath at the glottis. If you are teaching a class in wl: ©

Figure 3.17. End position for
the supine double leglift.
The key requirement of this
posture is to actively keep
the lower back flattened
against the floor using the
abdominal muscles.
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geveral people are struggling, you should stop everything and demonstrate
the proper technique, Try this: Lie down and ask two volunteers, one on
either side of you, to press their right hands against your abdominal wall
and place their left hands under your lower back. Then tighten your
abdominal muscles. This will push their right hands toward the ceiling,
and at the same time it will flatten your lumbar region to the floor against
their left hands. Then do a double lift showing first how the lower back
gh:_ould be kept down, and second, letting it lift inappropriately away from
the floor. Keep up a stream of conversation to prove that you are supporting
the effort with your diaphragm and not holding your breath.

If students have the knack but not the strength to keep their backs
against the floor during the double leglift (which is very common), another
trick is to try this exercise: before beginning the lift tell them to bend the
knees enough to raise the thighs to a 30-45° angle, then lift the feet off the
floor and straighten the knees. This will make it easier to keep the back
against the floor and make it possible to complete the leglift properly from
the higher angle. They should come partially down in the same way, being
sgnsxt.we to when they can no longer keep their back braced against the
floor, at which time they should bend their knees and either lift back up or
come all the way down.

'BREATHING

e respective natures of the chest and the abdominopelvic regions of the
150 are very different from one another: the abdominopelvic cavity is like

oblong rubbery egg filled with water, and the egg is topped by a cage of

. e filled with air. Everyone doing leglifts should increase pressure only

‘the egg. You will have to squeeze down from above with the respiratory

minal muscles. To maintain this pressure the respiratory diaphragm
be strong enough during both inhalation and exhalation to counteract
effects of the abdominal muscles, and this effort must be sustained
g ghout the exercise. So when do we breathe? All the time. And how? It
ends. If you have excellent hip flexibility, you will be able to lift the
: S 90", exhaling as you lift, and when you have reached that position
¢an relax and breathe any way you want. But. if your hip flexibility is
"-6!:!, and if you have to keep working against tight hamstring muscles
t%'ne up position, your breathing will be intense and focused on exhalation
ﬂ}e time. You will be taking tiny inhalations whenever you can.
You can take breathing one step further and intensify the energizing
of leglifting exercises, as well as their difficulty, by keeping as much
.t of the lungs as possible, exhaling all the way to your residual volume
then taking small inhalations. If your residual volume is 1,200 ml, you
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might breathe in and out a tidal volume between 1,200 ml and 1,400 1 |
instead of between 1,400 ml and 1,600 ml, which approximates what wou |
be most natural in the active stages of double leglifts (fig. 3.18). Breathi: 5
this way is more difficult because the already hard-working abdomi ]
muscles (especially the rectus abdominis) now have to work even harder
keep air out of the lungs.

THE SUPERFISH LEGLIFT

We have seen that the lumbar region can be stabilized for leglifts either hy
rounding it posteriorly as in crunches or the fire exercise, or by keeping it
flattened against the floor. But anyone with a sound back can also try
leglifting with the lumbar region stabilized in an arched forward positic 1,
This is a variation of the fish posture (figs. 3.19a, 5.28, and 9.19)—a posti e
I'm calling a superfish leglift (fig 3.19b).

To do this posture place your palms up under the hips, stretch your fc ot
out in front, and support all or most of your weight on your forearms. [ ot
your head barely touch the floor. Now arch up maximally by lifting |
chest and abdomen into the most extreme possible position. This « Il
stabilize the lumbar arch (fig. 3.19a). Then keeping the feet together. & «d
the toes, feet, and knees extended. slowly raise the heels away from ‘e

1+

6000 -
sitting posture supine posture normal leglifts intense leglifts
normal breathing | normal breathing | accelerated accelerated
(see fig. 2.18) (see fig. 2.18B) breathing breathing

5000 —

12 breaths/min 12 breaths/min 60 breaths/min 60 breaths/min
tidal vol. 500 ml tidal vol. 400 ml | tidal vol. 200 ml tidal vol. 200 m
- FRC 2200 mi FRC 1700 ml FRC 1400 ml FRC 1200 mi
4 14l
alveolar alveolar alveolar alveolar
ventilation ventilation ventilation ventilation
4200 mi/minute 3000 mi/minute | 3000 mi/minute 3000 ml/minute
3000 Ll
i \\\/A\/,’ Fi
\VAVAVAVAVAVAVAVAVAY/
VaVaVaV AV, VaVavaRY,

1000 .

blood oxygen blood oxygen blood oxygen up | blood oxygen

and carbon and carbon blood carbon blood carbon

dioxide normal dioxide normal dioxide down dioxide down
om's 5 70 5 20 25 a0 35 40

time in seconds (sec)

Figure 3.18. Simulated shifts in respiration during leglifting. The two condition:
on the left are repeated from fig. 2.18. FRC= functional residual capacity.
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floor. Raise up only as far as you can without degrading the arch in the
back. If you have excellent hamstring flexibility you may be able to flex
your thighs to a 30° angle (fig. 3.19b), or even more, but most people will
only be able to raise their feet a few inches before the hamstrings start tugging
g0 much on the base of the pelvis that they pull the lower back toward the
;,-f_ﬁ_ggr. So you have a choice: either lift your feet up and down and allow the
pack to follow in reverse—back down feet up, followed by back up feet
!:Iéi)m]—ﬂr lift your feet only until the lower back starts to lose its emphasized
forward curve. The main benefit of the exercise comes not from how far
you raise the feet but in experiencing the intense pull of the hip flexors on
_i;he accentuated lumbar arch. Keep breathing, but for this posture focus on
inhalation rather than on exhalation, because emphasizing exhalation will
press the lumbar region posteriorly and defeat your purpose.

THE SLOW LEGLIFT WITH A RELAXED ABDOMEN

“_-This next leglifting exercise turns everything we have said so far on its
1 because it is carried out with relaxed abdominal muscles; for this
reason it is only for advanced students with healthy, flexible, and adven-
resome backs. The sequence of movements is not only an excellent
rength-building exercise for the iliopsoas muscles, which will be doing

: _ 3.19a. Fisl'! posture. The chest and abdomen are lifted as high as possible
€ posture is supported mainly by the upper extremities.

3.19b. Superfish leglift. The thighs are flexed as much as ible wi
ing the lumbar arch, which is stabilized in the forward pg;ts;;n'e ithout
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most of the work, it is also a golden opportunity to observe compl x
muscular action.

Begin in the supine position. Keep the abdominal muscles relaxed, = d
in slow motion develop enough tension in the iliopsoas muscles to prepare o
lift your feet. Notice that as tension develops, the lumbar arch increa g
(fig. 3.20a). This is a formidable concentration exercise. What you are dv g
is diametrically opposed to the standard double leglift, and keeping e
abdominal muscles relaxed as you increase tension in the hip flexors g os
against every natural inclination.

It is important to sense that the iliopsoas muscles are raising the lum ar
arch maximally before they lift the heels off the floor. Follow the movem nt
of the lumbar region to its limit. As soon as that point is reached the ¢ h
will be stabilized and the hip flexors will finally begin to lift the thighs g
3.20b). At that precise moment focus your concentration on not, repeat = it
tightening the rectus abdominis muscles. Although this is counter to y ur
natural predilections, any tension in those muscles pulls the lower b ¢k
toward the floor. As with the superfish leglift, unless you have ' ng
hamstrings and exceptional hip flexibility you will not be able to lift up
very far and at the same time maintain the deep lumbar lordosis. Ne -ly
everyone will find that their hamstrings start pulling the lower | ck

toward the floor before they can even get their thighs flexed 45°, m ch

less go0°.

PRSP

Figure 3.20a. For the first stage of a double leglift with a relaxed abdomen,
tension in the iliacus and psoas muscles lifts the lumbar arch forward as the

abdominal muscles remain completely relaxed.

».
v

Fioure 3.20b. Completion of slow leglift with relaxed abdomen. Its key featur is
kfeping the Iumbailj' arch stabilized in the forward position before and while /€

feet are lifted slightly off the floor.
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AN ADVANCED EREATHING EXERCISE

In a second variation of the leglift with relaxed abdominal muscles, instead
“f' focusing primarily on exhalation as we do for the fire exercise and ordi-
double leglifts, inhale slowly as you develop tension for raising the lum-
ar region and for starting to lift the feet off the floor: This facilitates arching
the lumbar region forward. Then to continue the leglift, exhale as you flex
he thighs to 90° while your lower back is being pulled down against the
floor by the hamstrings and abdominal muscles. Breathe to suit yourself
“while resting at 90" of hip flexion. Then brace yourself and exhale while low-
ering the feet back to a few inches away from the floor. Next, inhale as you
cautiously relax the abdominal muscles, which allows the lumbar arch to
ome re-established. Then lower the feet the rest of the way, exhale and
- with your feet on the floor, and inhale again to begin a new lifting

This method of breathing helps you coordinate the challenging musculo-
‘skeletal requirements of the exercise. When you start the sequence, the
thighs are the fixed origins for the iliopsoas muscles, and the lumbar region
and pelvis serve as the insertions. Then, as soon as the lumbar region is
ed to its maximum, the origins and insertions reverse: the lumbar
on and pelvis serve as origins and the thighs become the insertions.
inating the breath with all of this while you are watching the activity
e rectus abdominis muscles and the hamstrings, and at the same time
ping in mind everything else that is going on, will make you aware of
architecture of the abdominopelvic region more than any other exercise.

YOGA SIT-UPS

sit-ups are a far cry from the fast, jerky exercises in a high school gym
For one thing, they should always be done in slow motion. For another,
ey should always be done with full awareness of the spine as you roll up
0 a sitting position “one vertebra at a time,” as hatha yoga teachers like
y: Yoga sit-ups also differ fundamentally from leglifts in that for sit-ups
are rolling up the part of the body (the torso) that controls the move-
1t itself, while in leglifts you are raising up a part of the body that is
ely connected to the lifting unit.
The initial position for sit-ups is lying supine, keeping the thighs together,
XIng the feet and toes, extending the knees, and pressing the lower back
he floor. Then, with the hands pointed toward the feet and the lower
held against the floor, flex the head toward the chest. Breathing evenly,
i e to roll up one vertebra at a time (fig. 3.21a) until you are in a sitting
'lion. Concentrate on the action of the abdominal muscles, and stretch
hands forward as much as possible. Come down from the posture in
order, slowly rolling down, first the sacrum, then the lumbar
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region, chest, and finally the head and neck, breathing evenly all the w,
If you are unable to lift up significantly, just squeeze up as much as

comfortable, hold the position isometrically for a few seconds, and slow
roll back down. You will still benefit from the posture. Work on it every d:

and you will soon be lifting up with ease. When you have developed enou
strength to do sit-ups with the hands pointing toward the feet, you ¢
work with progressively more difficult hand and arm positions—plac:
the fists in the opposite armpits (figs. 6.13-14), catching the oppusite earlol
interlocking the hands behind the head, and stretching the arms overhes

Holding your back flat against the floor while initiating a sit-up pow -

fully activates the abdominal muscles, and this enables them to act
prime movers for rolling you up and forward, but if you start with

lower back arched forward, beware. The abdominal muscles will be rela -

and less effective, and the psoas muscles will create excess tension at |
lumbar lordosis, exactly as in old-style sit-ups. Do not let that happen. If -

Figure 3.21a. Intermediate position for a slow easy yogic sit-up.

iliacus and psoas rectus abdominis
muscles first brace, muscles act as
then pull forward prime movers for
actively to complete initiating sit-up

the posture

rectus femoris muscles pull
forward on pelvic bowl

quadriceps femoris muscles keep knees
extended and thighs braced

Figure 3.21b. Locations of muscles involved in slow sit-ups.
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don’t have enough control to keep the back against the floor, bend the
knees before you do the sit-up just as you would in crunches.

~ Sit-ups in yoga, whether done with extended or flexed knees and hips,
complement leglifts because they involve some of the same muscles. But
there the similarities end. Leglifts simply flex the hips, but for sit-ups,
muscles from head to toe on the front of the body act first to brace and then
to bend the torso up and forward like an accordion. The iliopsoas and rectus
femoris muscles first act as synergists, bracing the pelvis and lumbar
regio